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‘2001

RECEIVE VIDEQ COMPRISING A PLURALITY OF FRAMES

DETERMINE VERTICAL CROPPING SHOULD BE PERFORMED

ANALYZE EACH FRAME TC DETERMINE A REGION OF INTEREST IN
EACH FRAME
206

CROP EACH FRAME BASED ON THE REGION OF INTEREST IN EACH
FRAME

DETERMINE A FRAME IMMEDIATELY PRECEDING EACH FRAME
ALY,

SMOOTH A TRAJECTORY BETWEEN THE PRECEDING FRAME AND THE
5 CURRENT FRAME

FIG. 2



US 10,622,023 B2

Sheet 3 of 12

Apr. 14, 2020

U.S. Patent

L T N L N N N N N

. s ». i ; A &...H.q....ﬂ...kr... A M

...H....H...”...”.._.
o

S ¥
W ey e
P e o

n

F ¥ FFFEFFFEFFFFEFFPrFEB#§®F

E et e et e M)

r

.-......r.-...r.r.._.....r.r.-..r.-..r..-. . »
] LA A NE N L
X arodr o d b bk R b
] b odr b kb bk b k&
] dr o dr o dp dr e dp A A A
e P L L LNt
Y C b h bk Jr o drodr o F [ ]
o b O U A b ko0 & &

FrFF K

L

E

. _ v
LJ . -
X HHH L H o ...H.._ ........_....t...n.rr.—_._..-xv.___.nxnuv x”
ar ar NN & k

...” H...H H H H H H H H H H....H....r...H.........H..................................r....r....r PN o ! v_v.u_. o N A )
ar S 0 e g dr o oy odr e dr N N . -y .

N, W, e e T o
¢ & d

x | e e B LA N
i & " i A A b b o
X ........................................rn.....r...... ol Pl ol ..... w x i
X dr dr de e e e iy a0 " PRl i i ey ) - ) .
ot ar i X X ar d e L - .
W A d dr ki e
2
x;
s

L P L MY,
] J ...
... ..........................................._...........

X
»
L]

i X

i

PN
i

EE
P

&
X i  a ar

X

¥

.._.
e R ks
Eals E e
e e e e e e e e
Pl

L
Ealy
Ll

..........r.rH.rH.r.r.r....._...................... o it N Al e e F
A x
P S s
X s »,

R AR N
> L A A A N e x
o W U dr e Jp Jr Jdr dr Jr Jdr i -
P N AN e W v ;
0y e N o
v X i o
LI

T e a a  ay a a
Xk k ke

P NN N N

e

*7y

PN
i iy
EaE

i
B i i

| 3
W W ar ko dr
"

l“l-l"n L

n B »
lnl-l.q...kk...k...
r

ir
ir
i

X
i

; Ea )
b Al e

; MR .4.4.....4..............”........................ Tl ; )
._._H.q.q .4.._..-_...1... QAL NN,

i

ERENE e )

Pl
Nt ok

e
Eals

i
Ll et o ;
Eals

L]

i
X a

¥

.._..._.....
x R
N R e i

R e e

X
i
ar
a

a2 & & & & &k

.
o
FY
]
™~

EN N )

2

.
3 HHHHH A 3
]

2
2
i)
2
)
X
o

»

iy i
L nnnnxwx“- S
ol aa  a
N ..”x e
L

A e e

L )

X ¥

o
x

h_]
Al
|
H
|
M

x
)
A
Ml
A
A

m o am kA Mo d o d e b h & dr dr dr dr e & droir X
nh d A kA 2 ke ke b b bAoA

F ik k kb ki ik &

a h d h h ke dd kA
2 d kb b oX M
PN o

-
F
.
EY

X
"l
-

A

E |

F
A
A
-l
2
-
k.

E
.
ol

E |

4
A

Y
o

.

A
A
»,
a

s H . e

A A
I & ko K w k k.

* AL A

-]
-
F |
F |

RO O s
U N S s . ’ , d "
. i i, Pt A LA N L - Tt et a lﬁlli
! .._-_ .-..-..-......................t.....r.r......_........l.... b o [ LT . . - it ....._.-.....-_.-.-_....-....iI... B
i LT . ;
LN N S e
U e
e
NN N .r....,_. :
LN

l.l.l.l.l.l l.l.l
)
o
!
)
)
L
F
"
"

A A
Ml
Y
FY
FY
"

A
]
|
]

|
|
|
MM
L |
:H"H'HHH

I!H-HHH

L
|
-I

M
AN

|
i

»
|

Fy
F) *:*:*:‘1
L '
L
NN
L
Pl
n
|
hge
A

F)
o)
»
o
»
¥
F
A
d I.l"l.l

|
A
Yk FFEFEEEFEEFEFEFEFEREEFF

i i i i

Fy
s
L

¥

X
X
Lt

Al
X
¥
»
Fy
o

iy dr i

ir

&
ol
El
Fy
X F K
i
A
X A
i |

»

Ll ol M)
Lol el M ; ;
o : \ ; ] .

)
A_M M M A

i
PN Ay
.........“._1.___.4...4....__..44..."-..1 'y
A
LR
I.-..-.......-..-_.-..-_.rl.-..-_.rl" * . . . * [ ] [
LI T T N I F F F F F FF F FFFFFFFFFF

o

xﬂ‘l"l‘lﬂlﬂl"ﬂ!."l

o ot o

W
o ) d o dp A e
S dp dp Jp dp dr Jdp dr dr e dr

-
kA .r....._............r..........t....r....r.....r.....r....r”.r
e R N NN N e X

W W O W X

»

u L
& b+ b b bk b b bk kk bk kR ko kR Rk R R Rk FEoar

ii..__l
Bk 2 s a a ama s moaoaa
* -

H”H“H“H“HHHHH“HHH”!”H"I"I" )
MR E N RN NN M XK

A A
!u_ u.“v.u_“u. v_“u_ v_.u..-_.v !u_ o Hu. n Hu..lu..ﬂr.

XN KRR
A o o

L

i & & & AERERERESLEXSXRENSEDX

o Pt
”....l.... w lb.l.l..ri [ !H!HHH!H!HH!HP A

li

L e B g

i
wiaTe

Ay

X k¥

P

L ]
b
r
XY+ E ¥R F K

ECE

F F F FFEFF-

dod d ke aa
N AR N NN

P N N

Mo A A

"H-I-Iu?d-h.h. ™~

X
R FFEF F R Fh

e

|
?d;‘

.H!
II’HIIHIIHHH

| H-H al




US 10,622,023 B2

Sheet 4 of 12

Apr. 14, 2020

U.S. Patent

T T o T I T TR L B P » . . . - .
L ] l.-.....-....................r Y .r.-_l.............r.q.._\.........._ .........._. k lllll IHHHHHHH
dp dp o i dp dr b b o g odr b M A b oMo . AKX REEENRERERSEDNEN,
o o dr i Jr b b U o dr b & k& & & & AN ERRERERXEXEMNENEEMN
. l..-..-.l.....}.}.}.....}.....}..r.r.r.r....l .-..-..-...__i.__.._h.._.r.....__.r.__n "y . ol ol i i i ..__.HHHHHHH!H .v.
.i.-.l..-..-..........l..........k.-......ll.i...}.n ..1.._.._ ..r.__ ..1.._..1.._. i E H!!HH!HH.! k
e o o dr e g A o  dr droa droa b L : k b . L X,

~
~

Lol
i‘l'-! H
a -4

W
£ M

i

E

F]
F |

o 'I!HHHH Al
L ]

M
o
]
LA
e
xx:uxx:r-!:x'xxn:u
L |
M
)

Hd

Ly
P,
M

L
. K HHHHH“III" “l"l"ll .
Il.l.l.l.l.l.....l..-..b..r " ) L I s s ] A A KKK Hlﬂunﬂﬂllﬂllﬂﬂlﬂ Illll K
L
R
]

Hd
L
»

A
»
F

L ]
FY
Mo M X M

M
r
F3

. A "
T, ; o . L N N
wn ; . i NP e e l.lln__.
P P .___-_-. ; ; A A R r
v.xr.u..xx”x X R P Koo
o

"

i X
)
»

M

M

M
M

)

)

M

L
Y
FY
F
E
E
Ml
Al
Al
Ml
N
|

-I-I-H-“IHH"H-

o
>
]
]
|
M
|
|

)
L]

; .r“r.xnuxnr.xnaa n“n X
e e e e e
AR AR A R
oo o e o o H

X
n

*x
M

¥
P

‘r##l‘#l“lll‘lii

)

i
¥
i
L]
A
e
A_ A A A H"H-I-I oA

“._..“.4.4._................
A AL AL NN

F
L

)
FY
F
i
Ml
A

,_....
S
A

ol g A A
e LT : : : : : v.vv.ﬁﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂn"n"nan XX x X

e P P P A A KRR R R

O ) .___.-.“-_ . B .. o e

*
L -I*-I L]
aa Y
)
i
X
X
¥
i
¥
L
Al

»
F3
F3

L aC

]
A A AN N

B
»
»
¥

4-*:
F
Fy
)

»
¥
F

N

Ml

A A

F3
»
F3
A A AN A A AN A

S . R s

W W W dp e e W . .. .o ) ALK N N M ERE R X XXX XN
”4”4”...”...”..”...”4” _-_-_- i S ST e o A e e
L - ;

(AL AL NNt [ 3

i
X
b*b*b*i- bJr
o R
»
PN )
|
o
|
iy, |

)
|
|
AN
4*4-: .
e MM
EEEE SN F
ALK KA
o N XN
L M

|
»
F3
Fy
L
i
L]

Ml
|
X
L ]

o
A

X
O i i )
o

r.r..r.xnan

F I
H
AN
|

h_]
-
A A A A A A A

A
X,

ot
M_x HFF' ]

L]

M N A
oM A A A

A

L4
L
L

|

Al
A
|
Al
|
|
|

e
- Tat oy .rn.__n.r.q.-......-_

R N A a ik

S e,
N W )
PR "y
. & M
.

R e
x X REERRERENRERR

A A AR A
P o e

LI I i

A
|
A
)

XA xHx
|
CaC ) B RO A o aa a a
wtaTa et l"n__.aanan o o o o
ERCE N o A
) X XR XX N ; i
RN e xw x x A A
EREN W e e e
AXZXIRERXRERR
L) atxanxnnuann"n"a"n"a"a nnx X
PR R A N
[ ~ xn“n”n”nna"l"nnn"a"axa A
EEEERERER ;

-

Ll
o i ek
L LA N

)

F
A

Al

2 A
o

2

A W A
o

™

o
2
]
]
N
N
i

)
)

)
i

o
M
-]
2 A
]
N
]
M P
e e e e e e
i,

S
.
y
A
.
A
S
x
.
"
X
x

IIHI.H

XA AN AN AL
i A
e
L
e

oo

I!HEHI!H'FI!HFHHF

PR
5

Yt

L

Ll

L

Ll

r »

.

L | A
....v_”nnn”nnnnnuxnnnnn*n#xﬂ. ;
Eo A A A
e e
o o o e o o o o

p_J

L e
‘:*:*:‘:
NN
E )
X kX
XA

LM : ! ;
e ; ; ; ; ; A
B v __.:“xjxr. . ; ; ; ; b, A tk#t.-na“ana”n”n”n”x”n
; .”nnann“n“nnxnxnxuxw ; o W x nnnnaaanaxxxn”n“x“

xnnnananananxnxfrv .u_ .

R XX KX N M

.u._H o

|
e
N N )

A,

AN KA M
R
g A i

o
&
LN N NN
L ]
M A
M
Al

M_M_A N
e
)

H

A

_.l?!
»

~ ann“a“a“nﬂn”v
O R
A
L A A A A e A
W
.4H o o e e e e R

i
e )
L)

XA
R PP

Lt el el




US 10,622,023 B2

Sheet 5 of 12

Apr. 14, 2020

U.S. Patent

- = m -
” .”HH!”H”HH!”H“I.J—. II A >, k#blh!b#b#b!i!b###b!&kﬁ"‘ .
-~ .H!HHH!H!HRHHHHH_.. .ri.... ) .._......-..-_.._..-..-.i.-_.-.l. [ ] LI-
. e o reten, *
L] .HHI!HHH!H!HHHHHH
L] Hﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂlﬂﬂ! q
L] HHHHHHHHHIHHRHH
L] .HHHHHHHHHHHHHHHH
L] .HHHHHHHHHHHHHHHH
L] HHHHHHHHHHHHHHI
L] .HHH!HHHHHHHHHH. Coe .
3 nnu.nn”x”n”l“a? ! r.xnnr.na.x_._ .
! N N A A

b .IHHIH

n

.
 oa = b oam kom dom ko
P R R RO e
x_..__.___._-.q LRI

x
x
rEE
.
o
L
" e
xR
" AR
-_“xnnnn“a"a
R xR
xR ]
KX A
i ]
T *
KR x AR X
Xk xR .
I x
X A e
YN .
EYA
A
o e
Oy
annnanaaxxxx
L
e
o
X A
XN A
A
KA L
A,
i O
__.”r. X xanr.”n“ll ._..H T e e
A " L I o e e e e a e e
HHHH. e e e e i -
.
L
;A
i
K
i
A xR, M e L LA,
e o el M F S o
o a o pC o pC NN e e e AR e W e W W e
EX X R S S g T e e el i o Tl oy oy B dr b do dr b b b b b B & & & & & B A A E Ak kA Ak dr o d o ode dr dr o dp e
R * r dp iy dp i dp dp de e de e de de de dr dr A a & & b ama kamaaamomem A h  E d h ded e dddrd o d &
2w > F e e e T T A o i Figr
i » N N R R
o, .....-_ ) 1.........................._.._1.._.._1....._1....._1.....__ R T e A R T
' - . e T e e S T
* P e e S e e S S
v Xy
o - &
- 1.............._..r.r.r.r.r.__.__.__.__.__.__
1.* .r.r..'.r.'.r.'.'.'.r.'.'.'.' .T.'.T & i .'-.'.—.
T, iiiiii.._.._.._.._.._.r.r.;..r.....;..r.;.............._
1.._..-. I At s st
.-_l x R S I T T Tl .r.;..r........;..-...;.....l..... &
x S T N A NN N
1.............._..... o A T S A e e A S el .r.....r.._......._..................__......._..............__
x T wa e e a  a a  T a a T Ta T
e i.__.._.__i.__.._.__i.r.._.__.._.r.__.__.__.r.._.r.._.-...r.r.rb.tb..rb..rb.t.:..rb..rb.#b.###}.#}.}.}.b
1.}.}.}-&.}. .rb.rb.rb.rb.rb.rb.'b.'b.'b.'*.'**************b
1.............._..... T T T T T Tl i .r.....r.....r##############&##}.#&.}.}.#b
l...l-}-l-}-l. .ll.ll.ll.ll.r.'.r.r.r.r.r.'.r.r.r.r.r.'.f.r.r.r.r.'.f.'.r.'.r.'.T.T.'..T.'-.'-.'..'-.'-.'-.'-l-l-l-.'
...-..-..-..._......_.. o e A A A S N W NN NN aa g .._.._.__.._.._.._.._.._..1..1.r..1.r......1......1.._..r#####k####kk##}.#&.}.&.&}.#}.b
P ™ d dr dp dr dp dr dpdr dpodr Jp dr O b br b - b b b b b b B & & 4 b ma h b b ahakadadadadaaaoaoa L b B b & d & b & b d o dr o de O Jdr dp Jr Jp dr dp oy dp iy dp o dp oy dp o
Pl s i e e e e e e e T Sl Ay R R T S Y s 2 aaa . P T T I T T T T S e e S R e e e e e e e e i i
T o T Yo e o T e o e e e e a a wT a aaaea
™ dr dr S dr dp dr dp dr g e dr de dr e drde Or b b b b b & b b b b b om b & &
..-_.-..-..-..-. .-..._..-..._. x, ......_......._......._..._..._......._.._......._...._......._......_.....t.__......_..r.r.t.r.v.r.r._...t.r.v.r.r.r.t.r.-.__.._.r.__.__.._.r.._.__.._.r.._.__.._.__.._.__.._.__.._.__.._ a s s s . aa aa s a s .
o & & & L J 4 & & & &2 & & & & & & & & & b s & b b & s s E s s A S S A S s A s A S
i am a a am
. *
- *
-
-
-

tbbbbbbbbb.r.._.r.r.r.r.._.._.r.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.r.._.r.._.._.._.._.._.._.r.r.._.r.._.r.r.r.r.r.r.r.r.r.r.r.__..r.._..r.._......__......._......._......__......._......._......__.....l......._.....l.....l.....l.....l.1.}.}.}.}.}.}.}.4444#44444#44{4!llil

W i i W & dp dp e b e dp e dr e dp dp dr dr dr dr dr dr b dp dr dr dr dp dr b de de e B de de de i A b b Jr A b o dr e de de e B de de e B de de de Jr de de do e b de Jr bk b e dr b B b Jr b de ko Jo b b b o d b M de dode e de de do dr de de o dr de de de Jr de de de Jr Be de dr de Jr de de e de Be de dr de dr dp Jp Jp dr dr dp dr dp dr dp dp dr dr dp dp e dr dp dp dF de b de oF dF i b o O
-

Wt ot dp ol e e e e i e i e dr e dr e dr dr dr dr dp dp de Jp dr dp dr e Jr Jr dr O O Or & 0 b dr br b b & Jr b b b b b b b oo bbb b o h b b b b b & b b b h Jr b b s & & b b b h b b b b b b b b b b b b & Jroh Jrh drh bk ook drod drd drododrodr drodr dr dr drodrodrodrodpode dp dp dp drodp dr o dr o dp dp dp dp Jdp e dp e Jr e dp dp dp o B O O O O
oy .-..4.-..-..-..-..-.l.._...._......-..............-..__......._......_..............._...._..............................................................._..........................._...............................;................b..r.r....rt.r.r.r.r e i R e R e R i e Y .r.r.r.r.r.r.r.r.r.r.r.r.r.r.._..r.r.r.....r.r.r.r.r.r.r.....r.r.r.r.r.r.r.....r.r.r.....r.............r.._......._..........................__..............................................................._.............._......._...._......-.............-..__.......l........-..-........-..-..-..-..-.l.-.l.-.l.-.l
o e N N N N kS C Nk a aE aE ke )
W Ol o Ol i ol e o dp o dp dp e e Jp e Jdp dp dr dp Jp dr Jdp dp dr Jdp Jp dr Jdp dp dr Jdp O dp e Jr drodr b dr Jr Jr Jr o dr b & Jr Jr Jr Jr o & Jr & Jr h Jr & Jr b Jdr k Jr & Jr - Jr h - & Jr b Jr k b & Jo b Jr k b & Jo b Jr b b & Jo b J & b & Jo & Jdrodr - dr Jr Jr dr o dr Jr dr Jr Jr Jdr o dr Jr dr Jp Jr Jdp dr o Jp Jdp Jp dp Jdp dp dp Jp dp Jdp dp dp e Jp dp dp op dp o op dF dp of i o oF O o o & )
L e e N g N N N N >
WA o e dr e e e e e e e e e e e e e e e i e e e e ey e e e e e e e e e e e A e e el e e e e e e e e e e el e el e e e de e e e e e e el e e e e e e e A e e e e e e e e e e e e e e e 0 e dp e 0 e e dp e e dr e e dp e e e e k&

L e N g a a a a a  a a a aa a a l aE ar al s a al al a)
e e e e e e e e T  r  a  a e  a a a  a a a a  a a N Na a a t
e e g sl e sl )
N N N N N N N g g N N N kel

[y

L A s el )

L N A e al a al ad

o e A i W e e e e gl e e e e e e e e e o e e e e e e e e e e e o e e e

iy ¥ o N A A N )

o s L T I e ot e e e e e

o x e a e e a aa aE aE a e et i a al gl at a sl y

i v . W e T e T ey Tl i e Ve Tl i e e ey Ve Tl e iy Tl T i e Ve e iy dp Tl ey Ty Yl i e Vg T i iy e Tl ey Ve T i iy Ve T i e Ve iy iy Ve iy iy Tl i i

.a"xnxwxu qn~ 4”.._.”4H.q”4”.qH4....._._..4....q...4....q...4....._....4_...q...4....q....q....._......q....qb..._......q....qb..._......q....qb..._.....q....q....._.....q....qu_..._._...q....qb..._.....q....qh_..._.....q....qb..._.....q....qb..._.....q....qb..._..,_...q....qb..._......q....qb..._.....q....ﬂ.....r....q........r..ﬂ....r..r........
l”n“x”uﬁv .”..q.._H . ottt
N T
..Hxnx“xu..._ . 4.qu;u:nauﬁnnau;unuau;unua
R, - LA e M A A Ay
g i S )
L & i & & & &

PHFHFU.?U. & & &

i O T x

A

L N XK X . e e e e e w e e w e . [ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . e e e e m . . . . P -
i

Y .

Mo N A

i

HHHHHHEH’.

a .

FY

A
Al
X,
M KA
'I'"\!'H!

IHHHHF
£

L] >
| ]
-IHHHH ]
|

-
s

l'bl'
b

L]
3

Y
b*b
.

L)
L}
»
]

F)
i
¥
| ]

o

L
.

X
X
IS
a

i a
Ea
Ly
i

)
F
X
L
L ]

X
L
™

ar
]
L ]

.
)

MR

W
A
|
Al

Al
Al
o
e
-
Al
L4

‘e

L ]
e
>
h_]
X,
Al
»

L
™

.
N

&

:ll!Hil!

o
X

2 e

e

]
P
E
.Hxl!:vl'l!

L el 3 )
Lkl kol ke
B

[ |
r

mom A od oS ol o dodr o b o
r

o
LIE N I N
L]




US 10,622,023 B2

Sheet 6 of 12

Apr. 14, 2020

U.S. Patent

- . .
M A KKK N N R R, R g T N N N N e
F 0 A X, X X I . NN O A A O, O, 0 A A A 0 A A 0 A N O, A, U, A 00 O 0 I, 0 O 0 0 0 O A A, 0 O 0 A A O O, A A O, O
i i o A Y A R R R I e e e R R R R e o e R R e e I A R R R e e TR I R R e o e R R e e ot ot R R A R R R e e A R R R P e R R P e e I TP TR IE R A R R R R e o e R R R e e ot T P
A I . o 2 x T T T g e e T IR e T R A R e e g T R e R T I T T I e T e
O g Ly S PO L 0 O U A S, 0 0 O A
X ’ o " R e e R A R R R e R R R R T T T T R R R e o e R e e e R R R e A AR A A oA TR T R e e I R R R P TR R PR e ot R R A e ot e A R A P
Y I Y IR e e e R e A A R e e e TR AR R T T TR T R e e R e o R R g e o e R o e e e oo e e o e e e e R e e ae e o o e e e
F 0, I, I, A X X x o A O B 0 0 0, O 0 0, 0 O 0 O, A 0, S, A, 0, 00 A 0 0 . 0, 0, 0 A, O, O N I A
o P P T A R AR e e R R R e e R R R R R e e A R A R R e o e e R R R o ot R R e e ot et A AR R R e e e R R AR R e e A R P e e e R R AR R ot e R R o e ot e R
i i o o I P I N I O R N I I I A I 00, o I I I P I I 0 I I I I i
O A i O, O o L O A A A, 0 A R A O
X R * x iy . o x e R R R R W R R A T AR R R e e e e A R e e A R AR R o e e e e R R AR R e e e R e R R R R ot e R R R e e R R
o » oA Y T e e R R e o I I oA R R R e e R e o e e e oo e e e
0 ¥ A I i X, X X O O, 0, I O N 0 0 U A 0 A A 0 O I 0 A O N I U 0 O, O, 0 U I O .
i o i T i R A R R e o R I A i A R R P e e e R R R R R ot R R o o e e e
LI x 0 . o A NI ORI I O 0 O, N I I R T R R R o e e R R o o -
O 2 xR i L O, YR O, N PO YR L o A R A, O
P I i I x x A R A K X A A e P I X A e xR R X R e TR R PR e K A e TR R A R e e R A AR A
R AR g oo L o e e e o R e e e e e e R i o e A o e R » A e e e R e e R e
Y O xXE x A O, O I o A A FY i o, N . 0 I I A, O i, 0 0 I 0 I O O A O, O,
[ i o A A R R e s i AR A R e e e R R R e oA o A A e A AR A e e e e e A A A e e R A K W e R R AR R e a
- i R i x NI A e e e e R R T T K e A I I i AR e i
N Y i PO B 2l O A O i O, A, O, 0 A A O, i i O, i L 2 o e e e O
A XA A R R A R T A e * . A R R A R R P Lo A I O O O A U s I A e X R
I - A K I o eI R e e e e A R L o I N i o e e AR e e
0 O O, x X N Z SRR " X KA KRR A A A A O O, O, N 0 A A 0 A I
i A y e A 2 e A R R e o e R R R I I s I I xR R
L A x x e . R I I I 0 R R R A E R R R R R R R A e R T T g T R T o e,
L ’ ’ W, . O N A A L I
X K R . A R A AR R P LI A I O R o O A I A ol ol o g R R A R R o T P e o A A P
IR T K R o e R e e e e R P I (S I Y
A O LA . R I O 0 L O A A O, . 0 0 0, A B 0 0 A A I O O 0 A O b
i a L A A R R e e A R A e W A R R e R R R ot ot R R R R e o e e e e R R R R o e e R R R e e R A A I il A y
I A O I I o TR xR R R R R R I I I N W T R e e R R I AR e A P Il N N I
L O, O A Lo NN O O O, A A A L B A b
o N PO o R P A A s O O A0 O s A i U i i il R O A A O
ol o 2] o oA e e e T L R T I R e e T TR T e T A e o o I o
L A 0, LI . . NN N N o I 0 A N O A A 0, A 0 0 U A Lo A O
I R R e A A R R e X R R e A A A A A el A i PR I I O A U T I gl O
R SRR . I I I N A 0 I 0 A
Thw L o O O, A anna___nnnnnannnnalinannannannnnnaanannxnnxxxaxnxnnannaanannnnnnxnanxaxnxnxnxnnnnaana L O »
- XA AR R A A I e R R R R o A A X R R S A s AR R i I A A I x
S N, - P I o AR R T T P JE A g e e T IR R PP R Re R R e R R T T R e e e e aa N
A A A A - I N 0 0 A O 0 B 0 O, O 0, 0 0 0 b O A 0, O, 0 W
o e R o R A AR R e o e R R R R R A R A LA IO s g g R R R R o e R R R e o e R R A R R R e e e R
N N 2R R e N X R A N o L R e e e R o e R T T R R T T I W T T A e e R
R R e e e i O I L O FA I O AR A, O, I A O, . i R O 0, A, A, O, O
x i o P A A . o R A o X R A e A o a ae R R R o L oo e o o o o ot e TR R e ot A R R AR R P R R I e R R e ot e R A R R R I e e TR R A R R R
G g N WA R o e O o Y T R e e R NI I I I I
A O i N s . N v A I, a N N U U, O, 0 o, A A B 0 0, O, O A 0, 0 A A 0 0 0 0 0 08 00 O, O
e W A R e o A R R R e e e i R I W R R A R e e e e R R R R ot e R e e o e R R R e e R R R R R e o e e T R e e e ot R R R R e o e R R AR R e e e
O I I T . N R I o e e R R R oo e e R R e I R e T T g e T T e g e o e
I PN o N, R WA A A A Rl A A, O, O, 0 A O, b
.H-Vnnnnnanaaxaxnaannnnn R I R . R A R A W A A e P o e R R AR R e o e AR A R A e e R A A g O O I A
Pl I R e I R R ] T I o T T R R o o e e R R g o o I R R e TR R e o e R R T e e e T e e e e e o
A, O, e . . A, O, 0, O O o U 0 O O, A 0 0 A 0, 0 A A B O, 0, 0, O, O
A o A R R R R e e A Al R i W A R A R T R R R e e e R R R R R e AR R R e e e IR R R e e e R R R R ot e e e R R e e e R R R R R e e R R AR R e e e y
I N N I . L N AR o o TR e A A e e a e L I T A T R A e e e
O A L N A O O, B P Rt o e e ot e e e e e e ot e e e e e O ol N O b
X R R A R R R A A R R A X A R K R R e e R R e o ot e R R AR R e e R R R R A A R R R e e e R R R R o e
o o e e e e e R i e e R R e o e A ae e P »
0 O O A, O O O O e e X E AN N I I I A O N O A O A 0 0 0 0 0 A, O, O, 0 0 A »
I R A e A R R R e e e e I i s PO W R B o R A R R e R R R e ot e R R AR R e A A R e e T e e e e A R R R e e e R R R R R e R -
P I I I I I S - N R x x o T e e oo e T T A R T A e e K T Ml
L A, AR Y, L O O O M A N A o B A O i x
P R I A A P R g A A X A XA R e A A R A O A A A i xx
o R 2 L A = A P A AR e o R T e T T R T e R e e e e A e e x
0 0 I N N A A 0 A A Y O 0 O O O N I O N 0 0 0 U A A 0 A
A R e e e L A L R I A
I I R I P P I N O N NI L L I O N R
L A O, e R N O o Y O o N N a
R A I xR L P I I A I P P I g s i 2
N T - " P N R, N N a
A 0 O I s . . R L 0 N A O O, 0 O 0 o 0 O
A R I e A o e e o e A R R I i
m I N O i e . . RTE S N o Pl I 0 I
” w o L L O I A Y o O, X L O
. e e e o e e e o e aP I e e e e e e o e e e e e e e e R g Rl e e e e e e e e e e e e e e e e e e e e m e e
L L et e L I A O I A A A O x o N L
L I I I I . A W R e R R . T i * * VR il g W A A R R e e
. I e o S » A A AR R N N N : TR R R AR R R e T R T L A
Pl e e el x i R L ’ o e pe e o o o e e o o e o e o e e e
.__ e i e ey e o e e ur T - A N O Y e R T R R R e R o oA R R R P
Pl P N aal ) dr i i i i i e e e dr e e e e R r L, R P
P Pl T e a0 o N 0 N O 0 0 O A O
L I Il Syl Sy i A o o e e e o e R e A e ’ ’ e e ot ot o A R A e T T A e R R AR R e
Ll . N I R . | T e T T R e
" ' L N o N A Lo ¢ F N A, O
X AL T A X R R R R A A ’ ; A A A A
e e e e e T K R P e T K A K R O e ac e E  ae Ea eITE RR EE aeaeae  E Re
O, I P S A N N A i N O A, 0 O, 0 A I, U U A B, A 0 O
W A R ] I I I O e P e o o e o o o o A e I R R R R e o e A
o * .nnnannnnnannnnnnnnnnnnanannnnnannn“liiannnnnnuh_ N I N o i
" K P N A R e W O O O o N L O i
o i . LI I s o U A i X R A R R R e I R AR R e e R AR R e
oy s R R L R P AR e x o oo Y R R R T e e T R e e e oo e e e
o N 0 nnvhnnnnnnnnannnnnannnnnnnxnnnnn A x N 0O, O .
- I S i y e R A A W A AR R R e e e R R R R R R
e R HV P N I N I a e T o e e .
) L, 0 O N A x R O P O o A m m
. A R e A A A A I O A R T R e e A A R R I e R R AR R e L,
s e T T A A N x R e e e e e R e e e e e e A e e e e
o PO 0 0 U A, O o I A 0 0 A A 0 L A, O Ilrw
. R w wu:.xxxnxnxnxnxunxnnxunxunxnnnna o e AR AR R R e e e R R R e o e o e A R A R R I e e e R R AR R e e
T : P N I O 0 I O O A, N T R o e el al
R A L A O S A O L
. L o P I U A I R R T R e o A R R A P R TR R R R e
R R o R e e e e R e e e R : oo R R e e e R e e R R R e I
. . B A A N N I O A A O, O W N I I A 0, O, A 0 N I O, O .
- . i A R R e T R R R R R R e e ot o e A R AR R R e e e e e R R R e o e R R R R o e R R R R e e R R A R R R
A Y . o R T T T e e R e : A T A e T e o e e
R 2 a Y A O o xnx%xxxxxnxnxnxnxnunxnxnnxnunn 0
x X o 2w o o e A R R R P A o R R AR AR e R A R R R e e . Y A A R e A A
e o s e AR I P P R R o e R R e g e e R T NI oo O i
" X x x .. . O, o A A A 0 O 0 A A, O, O O, O X x O X x I
i o s I P A A o ’ R R R 2 . P I
X o e N nnnnnnnnnnnnnnunnnnnnnnannnnnnnnnnunnnnnuuunuuununnnﬂn.. o I N o I I, O
x X % x X x s S O 0 W 0 X ‘ N N - N
x X R X xR P i I O I A I - « R
o . o s R I N N R o e Pl L
x U Ao, O x x C O L 0 N A U ol N - » B i
R e xR L S I i R I e . - 2 R A A R R
x R x / . i P N N I 0 I I i L N X o x I I
2 Y L P A B B I PN KK L, 0
* i P R A A U s A A O A P A i e o A R e R R R A e e
o A L P N N AR R e e e e R o o e e e
: . e P 0 A N LN N 0 0 A A 0 0 A O O,
* XA Ll A I i R W A R R e e e T R AR R e e e e e R R o e ot e R
X N I o O 0 N N I o 0 R R T T A
n x M L A O, A A N " x N N O A R A O
X i I I P I U O A O x R I g R A R R e A P e o e AR A A P
a RN R P AL R R I R R I R T I I R T Tl T I B R I T e T T R I I R R Il B T I I T T T I I
x % A < % O 0 0 A 0 U A N N N 0 O W O A
o R e A A A A R R P R o e W A R T R I e AT A R R T e e e e e T R R e e e R R R e e w o T e
o WA L . o R R R T R T T A g e e P Pl M I M P I T I O O
P, xaw w L N e O A o R A R N O O
P i A A X X e P A g A A I I s O O O N O A U A U A
i R o o e I annanuaxa“ﬁxnxaxnxnxnxxxaxuununx P T
0 I R - a’ XXX REREERER . A N O N N N N L N I I O 0 O 0 U O, 0, 0 A A
A i i w R e e e R R e R I I O
R W xR P P N I T N, I I
L " L T T T a e e e e e i e R N 0 N N B I
P W R B o T T I T T i I e e A o A g O i O O A AN O i A i
o i I I I  a  a aa a  a al a a oa oa  e  a a O a l  a a a n nn * B R R R R T T e I T e T P A I e a R e e o e o
0 P o xxxann s O e I e N N N NN N N N N N M A o et oL o AL W A I I
i i . S i e L I I e g e R R R i eyt h_ N N e o R A e e A R P e e
ik . .. - - B S e e e e e L T P I I I R oo ol ol g e e T R R e o S S S S O o ) " R
L g g apdp My de M de dr de dr h b B b om M om k om om b M MMk g e e de de de de ik de e e e de de de o dp de o dp e dp e de de de ol M e M dp dp dp dp dpdp dp dp dp dp b de Jp Jr B Jr 4 dr b & ko= b m b & Jr k Jeode dr k b dr de o de b om b b M & b B & & M M & & & deidp Jrodr dp dr de de deodp dp dp dr e df b dp dp dp dp B R Bk e e de Bl el B O N i
P i B e e e e R S T T T T Tl il I g Ay Tl gy g o My 2
R R R R -.r.r.r.r.r.r.r.__.._.._.r.._.._.._.-.__.._.._.._.._.I.I‘.._.._.._.._.-.-.-.r.r.r.r.._.._ o S T S A e e e i S Y NN N RN P e i A P I T T T T T e S e o e e e e o e ap e h O dde A B W
xR - ] R .._" N e Bn A a a a e R K A e N LA A A A AL AL 3L AL L L SE M ML LAl Ll Al a al ML A ML Il M AL ML al) e A N R
I e P O T T N W D P T R R T N I N o N N et A A i
R ’ g AR RN R A R R R xR i : W .__1.._1.1..-..1..“.1 __..1. ! _-__-....__...__. G e e " e L D NN I N MM N, X .4....4..........4...44...4.4...44...4..........r“
xR N ’ AR . ) AN x A x XA Pl N
x X x L N A, 0, 0, 0 I 0 0 0 O O xxxx e rrrs N G A . . . N PR N N ot ol
W o R e R e e R R R R R e e e e R R R aa oA R ’ N e A e o . %, e o R R R R e R R R e T T P PP o A
X xn R R T T T R 2R R R 0 A WL ", : : : R T o
0 0 . I o O O N, - WO A AN N LA Y Low 3 ’ : AR O, A O
s X R A R xR R e 5 e e e o . : ; : ’ o A A R R TR R R R R e e A A
. i AR P A A P o A e e e
a 0 O, O, O SO N Aol : : I F L I
A W A R R R A A Ao e e e o e e e R R e P N L " e e e e R A o e R R AR e e
A I I I, I, I I I I A, N i . et A B . i A e,
Y VA A A, B e T T T e L W )
A K R A R P A R R A - P e et r P I o e
Y A R e e 2 e e R e Ll R g L e
A O A O O, 0 A O . N Ol A 0 A 0 A
s R AR R o R R R R e A R R R R R - B i g I A i
e NN .r.xxxnxaxnxnxnxnxnxnnnxnanxannxnxnxxxxxnxxnn“ - ._“.r....”kﬂk.r......k...&.........k...k.......qk...ﬂ N N W R R R R
x xR R A A R A . e T e T P ] '
o o I P N I el S o i e o o
x 0y N o A A . T e aeaea ee w e x
o . A A R R R T R e e At ] T R o i e S o
x o R T e A, e e e T .
" A o i - O R A L A
X RN i xR A A A A e Pl > x
N " P oA e
a e o T N O » . x
o T
. R T A x
Y N
e, X R A g x P A
R i
vh_l“# nx”xHxHxHxHxHaHxHnHxHxHxHxHxHxHxHxnxnxnxnxnxnxnxnxnxnxnxu .t a"__. ! uannxaana“..”a”i e - “a“a“a“a"a“a“n“ana
; : R N L A NN : ¥
" e AR R A R AR " I b
M o e et ) M N e T
e g g g g g gy Kot et oo e i e
i T I e e e e e e e e e e e e b ' bbb bR R R R R R R R R R R R R R R R R R R e
: N I AR e e e e e e A e e e e e e ]
’ A O 0 A 0 A A 0
" ’ P I o AR A R T R e e R R A R R R e e e e ]
A NI N I A I
i ol A O O
a : i A P I A I -
" L " B R R e e o e R e e e e e e ]
e " A O O, . I O e
FE R Rl x X K P A A R R R e e e R R R
P Pl O x i i I
x L B A O * L NN O, 4
X R R R A A x I R A I A i
o R e e e AR 2 N N
xx x N O x X YA, O, I 0 0 N
A WA A R R e e e AR R P i o A A A R e A A R e e e e e
AR WA T A e e A K ' n XA LI 0
nni_n_:ﬁwnxxxxxxxnxnxnunxnnxnxnxnn pol i, ) PO A N
X WA R AR R e R R e e R A P TR K B R o o o e R A R R e O
T e e R o e e e e e e XA A AR K e o o R R T e T T e T e e
N I, O A 0, O 0 Y O : I, A e
W A AR R e e R R R ot e AR A R R R e e e A R K , I IR R I A e R A A R e e R
T R e e R R o e NN . R N
O, o O O A O O 2w L B O
P A U X AR . xR X R R R A R
T e A A A R P T e A K e e
N O O, O, A,
o s s i o R R R e A R K R e
AR AR AR N R I N I
L o P, O,
P N i P R i R -
o R ..._u.uvuananan__.nannnnnannnnnnnananaaan.
N A 0 N
I i xR I
M O O o : A I N I I
L B R L PN Y O i N O 0
R I A I O X R R I U A I O
I o L N
O, O, O O 0 o N O, I 0 0 A O
i i i R R R e e e R R e e R R e e e ]
I N N I N I N I I N, O I
L o O, o O o A B O A
L I A P A L I A I O
o L R, i o
O, 0 I Y, 0 L W N 0
o i I A I e e e e R R A ]
i I I R I B O
0 A O, ’ N N
P P I i P I O
R i N N
A O i 0
o R O I g
B i N P N N
L o
P i 3 P A o o o O -
P I
2 x ] O A A N
A P S
L N O
0 O 0 N
g P O A I o il
2N P I
i i 0 N N
X R P R g
i PN N U A N 0 0 0, R I N O
i i p R A N 0
P P A s T I R -
R e e I A A R e R T A e e
O N N A 0 N
R i
I
o
X R s g g s g s O O
WK Pl
x X x o N
WA R K P I R Tl
N I 0 A U, R I B
0 L | 0 N
XA A I i A O I I
AR S R N N b e
rrz xR AR AR R 0 A 0 O N 0
e P P i i
A iy e e e e e e e e B i R I R B Il R N I T T T B
N N N N NN R N N N N N N N ot ot x N
B s e e N AL L L 2w 22 e e A A e 2
B Ll ol e T Sl S e e S e e e e S e e S e R L O O I T I T T T T T T ol ol o e S R o R e e R e R e A i e o
R e e e N N N R .._.r........._.r.._.r.._.__.._.ri.__i.ri.ri....i.ri.ri.__i.ri.ri....._.....i......_.ri......_.ri.ri.__i.r.__.__._..__.._.__.._.__.._.__.._.__.._.__....r.__.r.__.r.r.r.r.r.r.r.r.r.._.__.._.r.r.__.r.__.r-.__.__.r.__.._.__.._.__.._.r.r.r.._.r.-...r.r.r.r.r.r.r.....r....r.r.r.._.r.r.r.._.r.r.r.r.r.r.r.r.....r.r.._......_.-...._......_.....__.__.
1.;..:.}..;.}..r}..r.;..r.....r.....r.....r.....r.....r .rH.r”.r”.r.....r”.r.................-...........r.....r&..r”.r”.r”.r”.r”.r”.r”.r”.rb.r.._.r.._.__.._.__.._.._.._.._.._....__.r._..r.._.r.r.r.r.__.r.r.r.r N e I I
1.:. b..'b-.'.l..'b..'.l..'b..'b..'.l..'b.*l.' I .T.l..' .'.:..Tb-.'.l..'b..'b-.'b..' 4 & 2 & 2 & &k b b b 5 2 n bk a2k sk ks S .'b-.'.:..'b..' .T.l..' e b e i .'b-.'.l.*b..'b-*.l..'b..' b & b & & .'b-.' o s s h .'.l.'.:..'b..'b-.'.l..'b..'b-.'.l..'b..'b-.' P R N I .T.l..' T
o de b b b dr Jp Jp Jp o dp 4 B Jr dp J i J Jo de de b b Jr Jr de Je de de de b M om b b & M Jr de dr & O dr Jp de Jp Op Jp Jp Jp Jp dp dp Jp Ae Op dp dp dp Jp b de b b b b & Jr b b & b & S b Je & Je de de de dr dr Jr Jr de & Je dr Jr Jr Je e o M b U M

a2 2 a2 m s s s aa waaaay L Jrd ddr de de drodr dr ok dr b b & & & & & S b & & & & & & h & & b d dr dp dpodp drodr dr dr o dp Jp dr de b .
b oo b bk b bk § a4 a4 a4 ki A S O T o T o L L T A e A S S Ul gl i Tl S el S Sl o}

¥ k 4 & = a2 & b & & & h &
L R e R RN R KM ; ] ] _ b b i b b 0 b s

M x x e e R v X
. o
] X e R .
n”nHnHnHn“nHn“n“aHnHa“n“__.Ha“aHnHn“n“n"n“n“nna"n"a"a"a"a"n X
o 0 O 0 0 0 0 N N
A AR R e e e e e A R AR R e e e A
I I A, I
A 0, A
AR R R R e e e R R R R R o e e R R A A
R R e o e e e R R e o e ]
. A, O U
o o e ot ot o o R R e R R R e e ]
A e ae e R oo o e e
A O A i,
uHxHxHuHxHxHxHxHxHu”x“x"uxxnxxuxxxxnuxxnxxuxxxxnuxxxxnuv“ s
A .
o o
A,
I .
N *
o i
A s
. x J U L I X
.q“ TR nwa“annnnnnnr. xﬂr wnnxnnnnnnnnnn“ann“ ’ xrxrxxnnnx“
W Y g i o
O * o o o A
- N A AN XX A
i X x i “x P I
R A A A e e
O x X o P o I
I 2 ey o e ]
X X x N Y
N x A X x B x xR
T X x x o o A
L b 2 T
i i x e
i o e a
o Y o
W FO N i X
T . P
. I L, A AR
- T - - o M e



U.S. Patent Apr. 14, 2020 Sheet 7 of 12 US 10,622,023 B2

400 \l

RECEIVE PLURALITY OF VIDEG SQURCES

ANALYZE VIDED SQURCES TO DETERMINE DEVICE ORIENTATION TO

404

406

STORE VIDEQ SCURCES AND ASSOCIATED ORIENTATION
408

DETECT DEVICE ORIENTATION
410

DETERMINE VIDEQ SOURCE ASSOCIATED WITH DEVICE ORIENTATION
412



US 10,622,023 B2

Sheet 8 of 12

Apr. 14, 2020

U.S. Patent

G Ol

x . 0w
"l"n“a“anr.”x”n"la .. ow
o i -
" x "
.-
- L}
- L}
-y .o,
- A L] -
L4 “I L L)
r - . 0w
" " oo o A A
“r n , “ . 9w RN
" .o XA A
‘.- L ]
- L)
- -

A
W

- XK "
" 4 X w n“a"n“n“xxr.r“rx o iy
g 2 o L e ¥
. i o R “ .
o A i Hﬂﬂhﬂlﬂ:ﬂﬂﬂ:ﬂ:ﬂ:ﬂﬂﬂ Hﬁﬂﬂﬂﬂﬂxnn“a“ .___._.." anHr.””x“a“a"a"n“a"n"a“n“nnnn AN T o
A Do O R " .. A
R R A T R R y y »
R A K KK . L R A I .
L MM T IR e e, b x i a
P O - R Vi A A A x A I x o A
R S o R, o x x X 2 Y
A .o o N AN O x I o x ’ o A
R o R x R A X A R a e
I - R I A . . w WA K K I I oA N
O A " PO b A a a K A O, Y a
XA R A K x - R P A i . m R A R K P I I I A
N I R " R Y Ful K X K Y
O A, 0 X x xR Do O A 0 x A I L 0 x U i,
A A R A i A A ™ I y i 2 o R AR »
o N R . I B R P K e . - i i x NI
A O AR R P o o e R A A A A a L n x OO, a
I T o - AR R R P A o R R R A .. ow i x e o o .
N A o R R PP R A A Y L X o e e o e b
o, i . L xR ER F " . L x I
R ’ o . e ol a o AR A e e e »
”xHrHnﬂnnannﬂnnnnnnxnx”vﬂx”x o 2 e T A e e A e ”xHxHnHnH..Hﬂﬂ:ﬂﬂﬂﬂﬂﬂﬂ:ﬂﬂﬂ#ﬂtﬂ#ﬂv o T "___“n“x“v... .v.rx”x”xuxnxnxuxx T
A AP P A R o o o o
A A O, Do ’ ’ ’ A " w R A i
o e R e . ’ A T R R A A R B » i e o™ e
L . KA e " K KA
P ’ A a AR O FE A i
o R e . i ..o X o R R R A ’ - o o e
R N A ’ . : X ; M AR R R R = u R o - M MR N A A A
AT R I . e e n g A R AR A
R R N P
L e o
x . x A P A, I
W o o o o e
- ¥ 3 o e o e A A

A AR
A R
e

nnnxnxr.r.._

A REERRENERERNERERTIRNETHR
N HHII IIHIIHI.HHEH.HHHPEH.HHHH

JEJE X X X X% I ¢

x”xnx”xmx” ”x”a“ana”n”rmn
ORI R AR R

L I A
NN
o
a ;

"

E

anannlannax“xlx o
llliu“n =

Ill H

&
Y

Ilﬂlﬂﬂv
] o,

H“HHHH!”
XA ER X N
x X H"l“ﬂ”un”
AR XX N

A_A

Al

A

|

A

E |

|
IIHHH"HHIIF

Al_A J
IHII:IIIIIH'H

|

AN

Al

e e e e e e NN K
IIHIHIIIHIHIIIHH + b 2 b b b b b A b mh b oa
2R X ERENETN
ERERRERERX
ERREEREREX N
R R KN
EERERRDT N
FERENERRNEIR.?XN
" EREERSTFE N
JER R FE X X
" s IEER XX X

e
MR

ML A o A A N N N

.
NN
L] RN
L R R R R I R R I I R I R R
bk b moma hoaomm koamoaaa

= &
__l.r.-_.-_.r.r.._..__.-_rn
" & & b & b b roaoa

S N N . . . " momoaomoa o m Ak
Rl T -i.;..;..;..-..?}..r}..r}..r}..r}..r}.b}.b}.-
Pl 'k b om M M A M A oa
.
-

Va
' l.'..r.'-.r




US 10,622,023 B2

Sheet 9 of 12

Apr. 14, 2020

U.S. Patent

- HHHHHHHHH oA M NN
oo
o E

a
HHH F
£
P,
)
£
a

-
EY

"
F

L o
N
o,

Y

£

o
LA
A

M
-
)
-]

o K K R R
o R X R
o R

A
x

-]
s
oA RN i
Hﬂﬂﬂﬂﬂlﬂﬂﬂlﬂﬂﬂ HHHH

| ]
e

FY

E |
o o e A A M N N A N A A A N

. W
2l

Ao M e N M N M A N N e

A
FY
.!ii!”'ll!'

A,

)

E
H

E N N
Al

X
F
E N N Y
M ol A A AN KN NN

H
SN A M A A

2w
"
T
P gl P P U, 2T T DB B
o

o
i)
i

>
F

A A AR A A
S.v FHPHFHFHHHHJHFH k

™
o,

Hxil'Hil!xlxﬂxﬂxﬂxﬂnﬂﬂﬂlﬂnﬂxﬂxﬂxx o

.
FY

k A,
.M“H”H”M”HHH
A M XX
; P P M
.xy”xy”xrxn.xrx:”v.y”xr

e
ol

o

A A A A, A, A 0, A 0 0 i i i

T N N N
XX x

)
F
£
Fd

EY
F
Al
EY

o MM MM MK NN K MM NN NEXNEXERERESXRERRER
A r A E o i x e x X
o HHHHHHHHHHH”R ] H H ” . HHHHHHHRHHHHH NN HHIHI IHIHIHI L

n
v MM N M A oA MM M N NN KX
k .. E X
A 4 3 3 ] J 3 LA 3 3 . HH HHH”HHHH! HHHHH XM X HH oo HH”HHH“HHHH ” “!HH” HHH HH
:.H.__.H.._.u.. oo | i .. HHH HHHHHHF K HHHHH i HHHH “
HH o,
.

F
Y
FY
FY
Y
A

A

£
]

Al

Al

F
]
E
EY
.
]
Al
H
M
.
I
|

H
]
H
x
Al
H
a
-
-
Y

. n
HERE XN K . X EE X
x
H NN 7, o, HHI I
e ; s T R R R e s o
IIHHHHHHHHHIHHHH. . . . . . I HIIHHIIIH HHH H”HHH”HHH HHH HHHH

HHHHHHHHHIHHIHII
IIHHHHHH H HHHHF A ) J i E lll R R lllll I HHH

x_x_x E Y
KR X N A
RN

it
o
o

i X

Ea
M

L) Eal ) Eal ) .
AEA A A R i
Eal )
o
.

-
M
A
A
M
M
A

L]
L]

x
i g by
|

|
i
|

-
L ]

- +
Jr
& l..-.l..-.l. 4}.41.4}.4}.4}.444}.444}.}.}.4 l.....l. .._......__..r W
o o o o e e e o e
L .-.l..-..-..-. 4}.4}.4}.4}.4}.}.#}.#}.#}.?}.b4 L
k o & .-.l..-.l..-_ .-.l..-.l..-.l..-....}.l.}....}..r}.-._f__
) h
LA M N d LM MM AL N St
....l.....l.....l.....}..... L L N
.-......-.

Ll )
R A

-
o
»
3l
i
EaE
|
|
x

-

et
.

|

|

|

X %
»
|
|
A NN
n

-
o
M)

)

»
»
.
Ky
i
|
|
|
|

ax

L)

¥

NN Ky -

a
Ll
Lk

Lt

s

Fy
EaE N
Lk o

-
L ]
*

)
wa Ty

)

)
)

ir
[

»

RN
N )

Y
....H...
L

-

i y ] Wi
I Ll Bl L ) * ar
X i dr dp p e dp e A AR ol ]
* .__..._..._. .r.._..__..._..._. i , o .r.-.....l.T.__.r.__ -k}.####k####}.}.}.}.l}.}.l.}.}.}.}.ﬁ.-..r e
F i & o
N : LALLM I A
[

3 S e
E N

)

i
i a
o
= A

)
X

ir
¥

)

F

iy
xd XX
D

r ¥

F

.
.
5 X

L]
L)
¥

Pl el e e sl ¢ L
P / - e .

. P : ; P e

- I ATl

]

T

]
N

L
AT
l*l‘-l‘l*l- L L e
Fk FFrFFF

L ]
L

S

L ]
[
*

-
e e e AN
et .qH.._. x ...H.q”.._. ) ....H.._. ....H...H.__.”.._. X HJH ”.._.”._qH....H._q”....H._q”._..._q
e e e e e e e e b e
e A

e e e R R N N N o -

o AR KK X N

iy -

ax
4-44-:4:-
Ll
Ll
Eal s
Eal s

ol
&k kK&
ol
E o)
X ok oK ¥
s
Pl )
ol S

-
A R

e L SRS _ : e

209

. m re
] REREX XXX X




U.S. Patent Apr. 14, 2020 Sheet 10 of 12 US 10,622,023 B2

700 K

RECEIVE PLURALITY OF VIDEC SOURCES
102

ANALYZE VIDEQ SOURCES TO DETERMINE REGION OR OBJECT TO
ASSOCIATE WITH EACH VIDEQ SOURCE

708

{10

DETERMINE VIDEO SOURCE ASSOCIATED WITH THE REGIONIOBJECT |
712

PROVIDE VIDEO SOURCE ASSOCIATED WITH THE REGION/OBIRCT




U.S. Patent Apr. 14, 2020 Sheet 11 of 12 US 10,622,023 B2

800 -

SOFTWARE ARCHETECTURE 802
APPLICATiONS 810 u

Fr————— -~ e = ——— F—— e e e e e e e e ———, rr—T—T—T—T—T —T—T—F—T—T—T—T—T—T —T—T —T — o —

85-6 808  THIRD PARTYE
[E—— R APPLICATK}N;

CONTACTS ' MEDIA 886

._I‘ ok bk bk Ak bk Ak Ak Ak Ak b Ak kb o b d ok A o Ak e dr ke dr ke A A b A A e A b A e b e e A b b e e d A e ek A ek e e A

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e gy
AW mEEEEEEEEETEEEETEEEOEETETEEN®TEEEEONEEEEEEEE W OEE W O®E®=™ ™| - E W EE EETEEETEEEEEEEEE¥E_EEENEEETEEEETEEEEEEEWOEOEWOEOEm

BROWSER | MESSAGING  CONTENT
354 562 | MESSAGING |

- - m E E E E N N N N N N N N N A N N A N A N A N N S A S SR " o A A A A S o S A A S A A A A A N A N N A N N N N -Eam om omem ]

T APPLICATION |
BQOK READER GAME 067

APICALLS . MESSAGES
812 1 | B

___________________________________________________________________________________________________________________________________________________________

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

L o —r o —r = —r = T —r = —r = = —r = = = = == =] T M T T T T r o o mrmrrwt ke e e T T T T T T T T T T T T —— - — -



U.S. Patent Apr. 14, 2020 Sheet 12 of 12 US 10,622,023 B2

800~

PROCESSORS 810 E MEMORY 930

~ PROCESSOR | ! ~ MAIN MEMORY gsmﬂc MEMORY
}
:

L . | 332 f 934 5
AINSTRUCTIONS| "V 1 INSTRUCTEONS msmucmms 1)

STORAGE UNIT 936

MQCHHNE-READAQLE MEDIUM 938

Y _
INSTRUCTIONS] [* ¢
916

TINSTRUCTIONS
916

E

i

:

i

:

:

|
LY E
PROCESSOR | |
:

:

E

;

f

i

E

POSITION 962
LOCAT!ON

MOTION 958
ACCELERATION

I L T e A e T )

________________

" WIRED ] [ WIRELESS U CCRITR
“NEARFELD ] [ BLUETOOTH | [ win '

LUEVICES
970

NE TWORK
980




US 10,622,023 B2

1

PROCESSING AND FORMATTING VIDEO
FOR INTERACTIVE PRESENTATION

TECHNICAL FIELD

The present disclosure relates generally to a mechanism

for processing and formatting video for interactive presen-
tation.

BACKGROUND

Face-to-face communication 1s not always possible.
Accordingly, various forms of communicating via video on
a computing device, such as a mobile device or personal
computer, are becoming more prevalent. Communicating
and sharing video on a mobile device has various technical
challenges to ensure a more seamless experience. For
example, sharing and viewing landscape video on a mobile
device when the device 1s oriented vertically may result 1n
large black bars appearing on the top and bottom of the
screen, and the video may be more diflicult to view, par-
ticularly on a device with a smaller screen size. Moreover,
interactive ways of presenting video content are lacking.

BRIEF DESCRIPTION OF THE DRAWINGS

Various ones of the appended drawings merely 1llustrate
example embodiments of the present disclosure and should
not be considered as limiting 1ts scope.

FIG. 1 1s a block diagram 1llustrating a networked system,
according to some example embodiments, to process and
format video for interactive presentation.

FIG. 2 1s a flowchart illustrating aspects of a method,
according to some example embodiments, for processing
and formatting video for interactive presentation.

FIGS. 3A-3D show example displays, according to some
example embodiments.

FIG. 4 1s a flowchart illustrating aspects of a method,
according to some example embodiments, for detecting
device orientation and providing an associated video source.

FIGS. 5-6 show example displays, according to some
example embodiments.

FIG. 7 1s a flowchart illustrating aspects of a method,
according to some example embodiments, for detecting a
user mput and providing an associated video source.

FIG. 8 1s a block diagram illustrating an example of a
software architecture that may be installed on a machine,
according to some example embodiments.

FIG. 9 illustrates a diagrammatic representation of a
machine, 1n the form of a computer system, within which a
set of 1nstructions may be executed for causing the machine
to perform any one or more of the methodologies discussed
herein, according to an example embodiment.

DETAILED DESCRIPTION

Systems and methods described herein relate to process-
ing and formatting video for interactive presentation. As
explained above, there are various technical challenges to
ensure a more seamless video communication experience.
For example, sharing and viewing landscape video on a
mobile device when the device 1s onented vertically may
result in large black bars appearing on the top and bottom of
the screen and the video may be more diflicult to view,
particularly on a device with a smaller screen size. More-
over, 1nteractive ways ol presenting video content are lack-
ing.
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Embodiments described herein provide techniques for
processing and formatting video for interactive presentation
of video. Systems described herein may receive content
messages comprising media content (e.g., photos, video,
audio, text, etc.). The content messages may be sent by users
via a computing device (e.g., mobile device, personal com-
puter, etc.), or third party servers. The users may utilize an
application on the computing device to produce content
messages and/or receive content messages. A server system
may receive tens of thousands of content messages (1l not
more) that may contain video, multimedia, or other content
that may be processed by the server system to provide
interactive ways ol presenting the content.

For example, 1n one embodiment a computing device
(e.g., server computer, client device, etc.) recerves video
comprising a plurality of frames and determines that the
video should be processed and formatted for interactive
presentation. For example, the computing device may deter-
mine that vertical cropping should be performed. The com-
puting device may analyze each frame of the plurality of
frames to determine a region of interest in each frame, and
crop each frame based on the region of interest in each
frame. The computing device may smooth a trajectory
between the preceding frame and the current frame.

In another example embodiment, a computing device may
receive a plurality of video sources. The computing device
may analyze the video sources to determine a device orien-
tation to associate with each video source, associate the
device orientation with each video source, and store the
video sources and associated orientation. The computing
device may detect the device orientation, determine the
video source associated with the device orientation, and
provide the video source associated with the device orien-
tation.

In yet another example embodiment, a computing device
may receive a plurality of video sources. The computing
device may analyze the video sources to determine a region
or object to associate with each video source, associate the
region or object with each video source, and store the video
sources and associated region or object. The computing
device may detect a user input indicating a selection of a
region or object, determine the video source associated with
the region or object, and provide the video source associated
with the region or object.

FIG. 1 1s a block diagram 1llustrating a networked system
100, according to some example embodiments, configured
to process and format video for interactive presentation. The
system 100 may include one or more client devices such as
client device 110. The client device 110 may comprise, but
1s not limited to, a mobile phone, desktop computer, laptop.,
portable digital assistant (PDA), smart phone, tablet, ultra
book, netbook, multi-processor system, microprocessor-
based or programmable consumer electronic, game console,
set-top box, computer 1n a vehicle, or any other communi-
cation device that a user may utilize to access the networked
system 100. In some embodiments, the client device 110
may comprise a display module (not shown) to display
information (e.g., 1n the form of user interfaces). In further
embodiments, the client device 110 may comprise one or
more of touch screens, accelerometers, gyroscopes, cam-
eras, microphones, global positioning system (GPS) devices,
and so forth.

The client device 110 may be a device of a user that 1s
used to send and receive content messages (e.g., comprising
photos, video, audio, text, etc.), search and display content
messages, view and participate in media collections com-
prising media content from content messages, and the like.
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In one embodiment, the system 100 1s a media content
processing and optimization system to process and format
media content for interactive presentation.

One or more users 106 may be a person, a machine, or
other means of interacting with the client device 110. In
example embodiments, the user 106 may not be part of the
system 100, but may interact with the system 100 via the
client device 110 or other means. For instance, the user 106
may provide mput (e.g., touch screen mnput or alphanumeric
input) to the client device 110, and the mput may be
communicated to other entities in the system 100 (e.g., third
party servers 130, server system 102, etc.) via a network
104. In this instance, the other entities 1n the system 100, 1n
response to receiving the mput from the user 106, may
communicate mformation to the client device 110 via the
network 104 to be presented to the user 106. In this way, the
user 106 may 1nteract with the various entities in the system
100 using the client device 110.

The system 100 may further include a network 104. One
or more portions of network 104 may be an ad hoc network,
an 1ntranet, an extranet, a virtual private network (VPN), a
local area network (LAN), a wireless LAN (WLAN), a wide
area network (WAN), a wireless WAN (WWAN), a metro-
politan area network (MAN), a portion of the Internet, a
portion of the Public Switched Telephone Network (PSTN),
a cellular telephone network, a wireless network, a WiFi
network, a WiMax network, another type of network, or a
combination of two or more such networks.

The client device 110 may access the various data and
applications provided by other entities 1n the system 100 via
web client 112 (e.g., a browser, such as the Internet
Explorer® browser developed by Microsoft® Corporation
of Redmond, Wash. State) or one or more client applications
114. The client device 110 may include one or more appli-
cations 114 (also referred to as “apps™) such as, but not
limited to, a web browser, messaging application, electronic
mail (email) application, e-commerce site application, map-
ping or location application, content production and editing,
application, and the like. In some embodiments, one or more
applications 114 may be included 1n a given one of the client
device 110, and configured to locally provide the user
interface and at least some of the functionalities with the
application 114 configured to communicate with other enti-
ties 1 the system 100 (e.g., third party servers 130, server
system 102, etc.), on an as needed basis, for data and/or
processing capabilities not locally available (e.g., to access
content messages, process media content, route content
messages, authenticate a user 106, verily a method of
payment, etc.). Conversely, one or more applications 114
may not be included in the client device 110, and then the
client device 110 may use 1ts web browser to access the one
or more applications hosted on other entities 1n the system
100 (e.g., third party servers 130, server system 102, etc.).

A server system 102 may provide server-side functional-
ity via the network 104 (e.g., the Internet or wide area
network (WAN)) to one or more third party servers 130
and/or one or more client devices 110. The server system
102 may include a content processing server 120 that may be
communicatively coupled with one or more databases 126.
Databases 126 may be storage devices that store information
such as content messages, processed content messages, and
the like.

The content processing server 120 may provide function-
ality to perform video processing and formatting for inter-
active presentation, as an example. The content processing
server 120 may access one or more databases 126 to retrieve
stored data to use 1n processing and formatting video and to
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store processed and formatted video. The server system 102
may receive content messages comprising media content
from a plurality of users 106 and may process the content
messages and send the content messages to a plurality of
users 106, add the content messages to one or more media
collections for viewing by one or more users 106, or
otherwise make the content messages or media content from
the content messages available to one or more users 106.

The system 100 may further include one or more third
party servers 130. The one or more third party servers 130
may include one or more third party application(s) 132. The
one or more third party application(s) 132, executing on
third party server(s) 130, may interact with the server system
102 via content processing server 120. For example, one or
more the third party applications 132 may request and utilize
information from the server system 102 via the content
processing server 120 to support one or more features or
functions on a website hosted by the third party or an
application hosted by the third party. The third party website
or application 132, for example, may generate or provide
video, multimedia, and other content (e.g., professional
videos, advertisements, etc.) that are supported by relevant
functionality and data in the server the system 102. The
video, multimedia, and other content generated or provided
by the third party servers 130 may be processed by the server
system 102 (e.g., via content processing server 120), and the
processed content may be made available for viewing by one
or more users 106 (e.g., via a client application 114, a third
party application 132, or other means).

FIG. 2 1s a flow chart i1llustrating aspects of a method 200,
according to some example embodiments, for processing
and formatting video for interactive presentation. For 1llus-
trative purposes, method 200 1s described with respect to the
networked system 100 of FIG. 1. It 1s to be understood that
method 200 may be practiced with other system configura-
tions 1n other embodiments.

As explained above, the server system 102 may receive a
plurality of content messages to be processed and made
available to one or more users 106 by routing the content
messages to a particular user or users, by including the
content messages or media content from the content mes-
sages 1n a media collection accessible by one or more users
106, and so forth. Fach content message may comprise
media content (e.g., photos, video, audio, text, etc.) and may
be processed by the server system 102 (e.g., video process-
ing, adding media overlays, etc.).

In one embodiment, the server system 102 may receive a
plurality of content messages comprising media content,
such as video, from a plurality of users 106 or from a
plurality of third party servers 130. The server system 102
may process each content message via the content process-
ing server 120. For example, the content processing server
120 may receive video comprising a plurality of frames, as
shown 1n operation 202. A video source may either be
vertical or portrait (e.g., its height 1s greater than 1ts width),
or horizontal or landscape (e.g., 1ts width 1s greater than 1ts
height).

The content processing server 120 may determine that
processing should be performed on the video. In operation
204, the content processing server 120 determines that
vertical cropping should be performed. The content process-
ing server 120 may determine that processing should be
performed or vertical cropping should be performed based
on an indication received from a user 106, a third party
server 130, or simply based on receiving the video. For
example, a user 106 may interact with a display of a
computing device, such as client device 110, to indicate that
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vertical cropping should be performed (e.g., by turning the
computing device to a vertical orientation, selecting a menu
item, indicating a region of interest, etc.). Some examples of
user interaction include turning the device to portrait or
landscape mode; tilting the device; and tapping, dragging/
swiping, or pressing on the screen.

An example of a user interaction of turming a device 1s
shown 1 FIG. 3A. The first display 302 indicates a first
orientation of the device, and the second display 304 indi-
cates a second orientation of the device. For example, a user
viewing the video 1n landscape orientation may be viewing,
the first display 302 and when the user turns the device to a
portrait orientation, the result may be the second display
304. Another example 1s shown m FIG. 3C with a first
display 312 1n landscape orientation and a second display
316 in portrait orientation. Yet another example 1s shown 1n
FIG. 3D with a first display 318 1n landscape orientation, and
a second display comprising a split screen with a first part
320 and a second part 322. These examples are described 1n
turther detail below.

In another example, a content message or a video may be
sent by a third party server 130 with a request for video
processing. In yet another example, the content processing,
server 120 may determine that vertical processing should be
performed based on characteristics of the video 1tself (e.g.,
the video was generated in landscape view and may be
viewed on a device 1n a vertical view), or simply based on
the fact that 1t has received the video.

Returning to FIG. 2, for each frame of the plurality of
frames, the content processing server 120 processes the
video. For example, the content processing server 120
analyzes each frame to determine a region of interest in each
frame, at operation 206.

In one example, analyzing the frame (e.g., a first frame)
to determine a region of interest may comprise analyzing the
first frame to determine that there 1s no scene change from
a second frame immediately preceding the first frame, and
determining the region of interest 1n the first frame based on
a region of 1interest 1n the second frame. For instance, 11 there
1s no scene change, the content processing server 120 may
use the region of interest from the second frame as the region
ol interest for the first frame.

A scene change, or shot boundary detection, may be
determined by comparing the first frame and second frame
to classily whether the first frame contains a shot boundary
based on matching a color histogram or a directional histo-
gram. A color histogram represents the distribution of red,
green and blue colors and their intensities 1n an 1image, while
a directional histogram represents the distribution of 1mage
gradient directions within that image. The distances of the
color histogram and directional histogram between two
frames may be used to detect whether there 1s a scene change
between the two frames. In one example, a weighted sum-
mation of the two distances may be used to compare the sum
with a predefined threshold to determine whether there 1s a
scene change. Another example 1s to train a classifier based
on examples of neighboring frames with and without a scene
change. Other methods of detecting scene changes may
include a direct compare of the pixel intensity statistics,
using motion estimation, and the like.

The region of interest 1n the first frame based on a region
of 1nterest 1n the second frame may be determined using a
visual tracking method (e.g., compressive tracker, etc.) to
automatically track the region of interest from the second
frame into the first frame and into future frames. One
example of a visual tracking method may be an 1mage based
tracking. For example, a target template with a collection of
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color values sampled at various sample points around a
target (e.g., within a region of interest) may be used to track
the target. When the target moves 1n a subsequent frame of
a video, the changes may be calculated based on the tem-
plate samples to 1dentity the target by determining a match-
ing pattern that 1s a closest match to the values of the target
template. Tracking may also be performed based on motion
estimations, optical flows, particle filters, deep learning
methods, and the like. The content processing server 120
may set the region of 1nterest based on the results of visual
(or other form of) tracking.

In another example, analyzing the first frame to determine
a region of interest 1n the first frame may comprise analyzing
the first frame and determining that there 1s a scene change
from the second frame to the first frame (as explained above
regarding determining a scene change). Once a scene change
1s determined, the content processing server 120 may per-
form a saliency analysis of the first frame to determine a
region of interest. For example, the content processing
server 120 may generate a saliency map of the first frame
that indicates the importance of each pixel at location (X, y)
of the frame. The content processing server 120 may analyze
the saliency map to determine a most salient window (e.g.,
containing the highest saliency values) of a predetermined
s1ze. The window of predetermined size may be determined
by a screen size of an output device. For example, the
content processing server 120 may determine the output
device (e.g., client device 110 such as a mobile device) and
the corresponding screen size. The content processing server
120 may determine the most salient window based on the
aspect ratio of the output device screen. The content pro-
cessing server 120 may project the saliency map on a
horizontal axis (e.g., break down the two dimensional
saliency map to a one dimensional saliency map on a
horizontal dimension), so that searching for a predetermined
s1ze window with most salient content could be turned 1nto
a simpler problem of searching for a predetermined size
segment. In one example, the predetermined size may be a
fixed size with the same height but smaller width for a
vertical cut of the frame/video. Any saliency analysis algo-
rithms may be used, such as, spectral_residual method,
ObjectnessBING, and so forth.

In another example, analyzing the first frame to determine
a region of interest 1n the first frame may comprise detecting
a user mteraction with the frame and setting the region of
interest based on the interaction (e.g., the location of inter-
action, etc.). A user interaction may include a touch input, an
input via an input device (e.g., mouse, touch pad, etc.), and
so forth. A user interaction may be detected by content
processing server 120 by recerving an indication from a
client device 110 associated with the user 106 that indicates
a user interaction has occurred. For example, the client
device 110 may detect the user interaction and send an
indication of the user interaction to the content processing
server 120.

In one example, a user 106 using a client device 110 may
interact with the client device 110 to indicate a region of
interest by touching the screen (e.g., pressing or tapping) on
a particular object 1n the video, or by using an mnput device
to point to a particular object 1n the video. FIG. 3B shows a
first display 306 and an indication 310 of where a user 106
has touched the display or screen on the device. A second
display 308 shows the resulting display based on the user
interaction. In this example, the region of interest 1s enlarged
(e.g., zoomed 1n) by detecting where the user 1s touching
(e.g., pressing) the screen, or where 1t was last touched (e.g.,
tapped). This 1s an example of using a discrete signal (e.g.,
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the location on the screen) to choose a region of 1nterest. In
another example the first display 306 may be 1n a landscape
orientation and the region of interest indicated by the user
interaction 310 may determine the region of interest for
cropping a vertical video to result 1n a second display in a 5
vertical ornientation (e.g., either zoomed 1n, or not zoomed
n).

In another example, a user 106 using a client device 110
may interact with the client device 110 to indicate a region
of interest by touching and drawing an area of interest (e.g., 10
drawing a circle, square, rectangle, or other shape around an
object or area of interest), by using an input device to draw
an area ol interest, and the like. In one example, a user can
click and hold a mouse and the video will pause allowing the
user to draw a region of iterest. In another example, the 15
user may touch an area of interest on a display of the
computing device (e.g., client device 110), swipe through an
area of 1nterest, and so forth. FIG. 3C shows a first display
312 and an indication 314 of where a user 106 has touched
the display or screen on the device. A second display 316 20
shows the resulting display based on the user interaction. In
this example, the client device 110 (e.g., via an application
114) may sense the change in the device’s tilt angle and the
user can move the region of mterest by swiping across the
screen or drawing a shape around the region of interest. This 25
1s an example of using a continuous signal (e.g., the device’s
orientation or tilt angle, or a swiping motion, etc.) to select
the region of interest.

FIG. 3D shows an example of using a combination of a
device orientation and a split screen that allows a user to 30
choose a region of interest. For example, a first display 318
may be 1n a landscape orientation. A second display may
comprise a split screen with a first part 320 and a second part
322. The first part 320 may display a region of interest. The
second part 322 may show the full video (e.g., a scaled down 35
version of the landscape orientation content). A user may
select or change the region of 1interest by user interaction 324
(e.g., pressing the display, using an input device to select the
region ol interest, etc.).

Returning to FIG. 2, i operation 208, the content pro- 40
cessing server 120 crops each fame based on the region of
interest 1n each frame. For example, the content processing
server 120 crops the first frame based on the region of
interest 1n the frame to produce a vertically cropped frame
for the video. 45

In operation 210, the content processing server 120 deter-
mines a frame immediately preceding each frame. For
example, the content processing server 120 determines a
second frame immediately preceding the first frame. The
content processing server 120 smoothes a trajectory from the 50
second frame to the vertically cropped frame, as shown 1n
operation 212. In this way the output will be a smoothly
changing vertical video cropping so that 1t plays back
without jittering. For real-time cropping, recursive filtering
for the cropping locations may be used. 55

The vertically cropped frame may be displayed to a user
(c.g., mstead of the first frame). The content processing
server 120 may store the vertically cropped frame for the
video. The vertically cropped frame may be provided to a
user as part of the video immediately or at some later time. 60
For example, the method described i FIG. 2 may be
performed 1n advance on video received by the content
processing server 120 (e.g., on prolessionally generated
video, on advertisements, on user generated video, etc.) or
may be done real-time, or substantially real-time, as the 65
video 1s being provided to the user (e.g., while the user 1s
viewing the video).
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Moreover, the method described 1in FIG. 2 1s described as
being performed by the content processing server 120. In
other embodiments, the method may be performed by other
computing devices (e.g., the client device 110), or by a
combination of computing devices (e.g., the client device
110 and the content processing server 120).

Furthermore, the above example describes producing a
vertically cropped frame for a video. Other embodiments
could produce a horizontally cropped frame. For example, a
source of a video frame could be vertical or horizontal and
the system could produce a vertically cropped frame for the
video frame or a horizontally cropped frame for the video

frame, or both.
An example algorithm pseudo code according to an

example embodiment may be as follows:

shot_start = O;
if auto start

ROI[0] = Find_ROI_SA( SA({]1]) )
else

wait for Userlnput
ROI[0] = Find_ROI_Interaction(UserInput)
for each frames 1[1], 1=1, 2, 3, ..., n, ...
shot_boundary = SBD({[1-1], {[1]) // detect shot boundary
if there i1s user interaction
VVC(ROI[shot_start:i—1]) // crop a vertical cut for
previous shot

shot_start = 1;
ROI[1] = Find_ROT_Interaction(UserInput)
else

if shot_boundary 1s true
VVC(ROI[shot_start:i—1]) // crop a vertical cut for
previous shot

shot start = 1;
ROI[1] = Find_ ROI_SA({ SA({[1]) )
else

ROI[i] = Find_ROI_Tracking({]i-1], ROI[i-1], {]i])
VVC(ROI[shot_start:n]) // Crop the last shot

As explained above, embodiments described herein pro-
vide for the ability for a user to interact with a video to
choose which region of the video to display (e.g., the region
of interest). In other embodiments, video content may be
delivered to a user’s device (e.g., client device 110) through
multiple simultaneous video sources. Images may be
selected from these video sources and combined for display
on the user’s device. Which sources are selected, and how
they are combined, may also be controlled through the user’s
interaction with the device.

FIGS. 3A-3D and FIGS. 5-6 illustrate different ways of
presenting video content, with examples of how the presen-
tation may be controlled through the user’s interaction with
a computing device. FIGS. 3A-3D have been described
above as examples of how a user may choose to display a
region of interest of one video source to display. FIG. 3A and
FIGS. 5-6 show examples of how a user may choose to
display one wvideo source chosen from multiple video
sources. Embodiments described herein allow a user to
select one video source from multiple video sources to be
displayed to the user at a time. This gives the user control
over which video source 1s selected and produces a range of
new interactive viewing experiences.

For example, multiple video sources may be created (e.g.,
using multiple cameras) for a particular event, such as a

concert, interview, show, sporting event, and so forth. Based
on a user interaction with the device (e.g., turning or tilting
the device, selecting an area of the video, etc.) 1n which the
user 1s viewing the video, he may view a diflerent video
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source (e.g., landscape view, portrait view, close up of a
particular region or object, various views ol a particular
region or object, etc.).

One example embodiment allows a user to turn to select
a video source from multiple video sources. An example of
this embodiment 1s shown in FIG. 3A (which 1s also
described above with respect to a single video source). FIG.
3A 1illustrates a display 302 when a computing device 1s
ortented 1n a landscape or horizontal orientation, and a
display 304 when a computing device 1s oriented 1n a portrait
or vertical orientation. The computing device may sense the
orientation 1n which the device 1s being held by the user
(e.g., portrait, landscape left, landscape right, upside-down
portrait). Each orientation may be associated with a different
video source. The computing device (e.g., via an application
on the computing device) may select the appropriate video
source to display in real-time by sensing the current device
orientation. This 1s an example of using a discrete signal
(e.g., the device orientation) to select from a set of video
sources.

Another example embodiment allows a user to tilt to
select or swipe to select a video source from multiple video
sources. An example of this embodiment 1s shown 1n FIG. 5.
The device may sense the angle (e.g., t1lt) at which 1t 1s being
held by a user. The device may also detect 11 the user’s finger
has moved while touching the screen (e.g., swiping). When
cach video source 1n a sequence 1s associated with a range
of t1lt angles, a mobile app can select the appropriate video
source to display 1n real-time by sending the current device
t1lt (as shown 1n displays 502-510). Similarly, the user can
choose to view the previous and next video source in the
sequence by swiping left and right on the device. This 1s an
example of using a continuous signal (e.g., the device’s tilt
angle) or a discrete signal (e.g., a swipe mteraction) to select
from a sequence of video sources. In the example 1n FIG. 5,
a different video source 1s displayed when the user tilts the
device to the left and right. Each video source was captured
from a different camera so that tilting the device creates a
“bullet time” eflect for the user.

FI1G. 4 1s a flow chart illustrating aspects of a method 400,
according to some example embodiments, for detecting
device orientation and providing an associated video source.
For illustrative purposes, method 400 i1s described with
respect to the networked system 100 of FIG. 1 and example
display in FIG. 3A. It 1s to be understood that method 400
may be practiced with other system configurations 1n other
embodiments.

In one example, a video of an event may be shot 1n a
landscape view and a portrait view. A first video source for
the landscape view and a second video source for the portrait
view may be provided (e.g., via one or more third party
servers 130, one or more client devices 110, or other
sources) to the server system 102. The server system 102
may receive the plurality of video sources, as shown in
operation 402. In this example, the server system 102
receives the first video source for the landscape view and the
second video source for the portrait view.

In operation 404, the server system 102 (e.g., via content
processing server 120) may analyze each of the plurality of
video sources to determine which orientation(s) to associ-
ated with each source. For example, the content processing
server may analyze the first video source and the second
video source to determine which orientation(s) to associate
with each source. The content processing server 120 may
determine that the first video source is a landscape view and
thus should be associated with a first device orientation (e.g.,
a landscape orientation). The content processing server 120
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may determine that the second video source i1s a portrait
view and thus should be associated with a second device
orientation (e.g., a portrait view).

In another example, the content processing server 120
may determine an angle of the video or a subject (e.g., region
or object) 1n the video to determine the device onentation
(e.g., the angle of the device for which the video source will
be presented). In this way the content processing server 120
may determine the device orientation 1s a tilt angle based on
the angle of the subject of the video. For example, i1 there
are three views of a particular subject of a video (e.g., a left
view, a middle view, and a right view), the device orientation
may be iitialized to the middle view, to mitially display the
middle view to a user. When the device 1s tilted to left, the
left view may be shown, and when the device 1s tilted to the
right, the right view may be shown. The tilt angle may be
determined by a gyro sensor on the device or other tech-
nology or mechanism for determining a tilt angle.

The content processing server 120 associates at least one
device orientation with each video source, as shown in
operation 406. In operation 408, the content processing
server 120 stores the video sources and associated orienta-
tion. For example, the content processing server 120 may
store the video sources and associated orientation 1n one or
more databases 126.

A user 106 using a computing device (e.g., client device
110) may begin viewing a video. At operation 410, the server
system 102 may detect the device orientation of the client
device 110 based on a signal received from the computing
device. For example, the client device 110 may detect a
device orientation (e.g., the orientation of the computing
device with which the user 1s viewing the video) and send a
request to the server system 102 for a video source associ-
ated with the device orientation. At operation 412, the server
system 102 determines a video source associated with the
device orientation. For example, the server system 102 may
access one or more databases 126 to look up the video and
video source associated with the device orientation. At
operation 414, the server system 102 provides the video
source associated with the device orientation to the client
device 110. The video source may be provided to the user for
viewing on the client device 110.

FIG. 6 illustrates an example where regions or objects of
the device’s display or screen are associated with a video
source. For example, a user may be viewing a first display
604. The client device 110 (e.g., via an application 114) may
select the appropriate video source to display (e.g., 1n
real-time or substantially real-time) by sensing where the
user 1s touching (e.g., pressing) or where the user last
touched (e.g., tapped). This 1s another example of a discrete
signal (e.g., regions of the device’s screen) to select from a
set of video sources. For example, a user interaction 610
may result 1n a second display 606 and a user interaction 608
may result 1n a third display 602. Each video source may be
captured from a different camera, thereby providing a unique
perspective.

FIG. 7 1s a flow chart illustrating aspects of a method 700,
according to some example embodiments, for detecting a
user mput 1 a region of a display and providing an asso-
ciated video source. For illustrative purposes, method 700 1s
described with respect to the networked system 100 of FIG.
1 and example display 1n FIG. 6. It 1s to be understood that
method 700 may be practiced with other system configura-
tions 1n other embodiments.

In operation 702, the server system 102 may receive a
plurality of video sources. The server system 102 may
determine various regions and/or objects 1 the video
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sources that may correspond to a particular video source. In
operation 704, the server system 102 (e.g., via content
processing server 120) may analyze each of the plurality of
video sources to determine which region or object to asso-
ciate with each source. In one example, a screen may be
divided into different regions with each region correspond-
ing to a particular video source. When a user selects a
location on the screen (e.g., pressing on the screen, using an
iput device to select a location on the screen, etc.), the
server computer may determine which region the user has
selected and present the corresponding video source.

Using a simple example, there may be three video
sources. As shown i FIG. 6, a first video source 604 may
show all the musicians playing a concert, a second video
source 602 may show a first musician, and a third video
source 606 may show a second musician. The content
processing server may analyze the first video source to
determine which region or object to associate with each
video source. Accordingly, the content processing server 120
assoclates at least one region or object (e.g., the {irst
musician, the second musician, the entire stage with all of
the musicians) with each video source, as shown in opera-
tion 706.

In operation 708, the content processing server 120 stores
the video sources and associated region or object. For
example, the content processing server 120 may store the
video sources and associated region or object in one or more
databases 126.

A user 106 using a computing device (e.g., client device
110) may begin viewing a video. At operation 710, the server
system 102 may detect user mput (e.g., pressing or tapping
on a display (e.g., display screen) of the client device 110)
based on a signal received from the client device 110. For
example, the client device 110 may detect a user iput and
send a request to the server system 102 for a video source
associated with the user mput. The request may include the
user mput, the location of the user mput on the display or in
the video, a time stamp for the video, or other data. At
operation 712, the server system 102 determines a video
source associated with the region or object nearest the
location of the user mput. For example, the server system
102 may determine a region or object to which the user input
corresponds, and access one or more databases 126 to look
up the video and video source associated with the region or
object. At operation 714, the server system 102 provides the
video source associated with the region or object to the client
device 110. The video source may be provided to the user for
viewing on the client device 110.

FIG. 8 1s a block diagram 800 illustrating software
architecture 802, which can be installed on any one or more
of the devices described above. For example, in various
embodiments, client devices 110 and server systems 130,
102, 122, and 124 may be implemented using some or all of
the elements of software architecture 802. FIG. 8 1s merely
a non-limiting example of a soitware architecture, and 1t will
be appreciated that many other architectures can be 1mple-
mented to facilitate the functionality described herein. In
various embodiments, the software architecture 802 1s
implemented by hardware such as machine 900 of FIG. 8
that includes processors 910, memory 930, and I/O compo-
nents 950. In this example, the software architecture 802 can
be conceptualized as a stack of layers where each layer may
provide a particular functionality. For example, the software
architecture 802 includes layers such as an operating system
804, libraries 806, frameworks 808, and applications 810.
Operationally, the applications 810 imnvoke application pro-
gramming interface (API) calls 812 through the software
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stack and receive messages 814 1n response to the API calls
812, consistent with some embodiments.

In various implementations, the operating system 804
manages hardware resources and provides common ser-
vices. The operating system 804 includes, for example, a
kernel 820, services 822, and drivers 824. The kernel 820
acts as an abstraction layer between the hardware and the
other soltware layers, consistent with some embodiments.
For example, the kernel 820 provides memory management,
processor management (e.g., scheduling), component man-
agement, networking, and security settings, among other
functionality. The services 822 can provide other common
services for the other software layers. The drivers 824 are
responsible for controlling or intertacing with the underlying
hardware, according to some embodiments. For instance, the
drivers 824 can include display drivers, camera drivers,
BLUETOOTH® or BLUETOOTH® Low Energy drivers,
flash memory drivers, sertal communication drivers (e.g.,
Universal Serial Bus (USB) drivers), WI-FI® drivers, audio
drivers, power management drivers, and so forth.

In some embodiments, the libraries 806 provide a low-
level common infrastructure utilized by the applications
810. The libraries 806 can include system libraries 830 (e.g.,
C standard library) that can provide functions such as
memory allocation functions, string mampulation functions,
mathematic functions, and the like. In addition, the libraries
806 can include API libraries 832 such as media libraries
(e.g., libraries to support presentation and manipulation of
various media formats such as Moving Picture Experts
Group-4 (MPEG4), Advanced Video Coding (H.264 or
AV(C). Moving Picture Experts Group Layer-3 (MP3),
Advanced Audio Coding (AAC), Adaptive Multi-Rate
(AMR) audio codec, Joint Photographic Experts Group
(JPEG or JPG), or Portable Network Graphics (PNG)),
graphics libraries (e.g., an OpenGL framework used to
render in two dimensions (2D) and three dimensions (3D) in
graphic content on a display), database libraries (e.g.,
SQLite to provide various relational database functions),
web libraries (e.g., WebKit to provide web browsing func-
tionality), and the like. The libraries 806 can also include a
wide variety of other libraries 834 to provide many other
APIs to the applications 810.

The frameworks 808 provide a high-level common inira-
structure that can be utilized by the applications 810, accord-
ing to some embodiments. For example, the frameworks 808
provide various graphic user interface (GUI) functions,
high-level resource management, high-level location ser-
vices, and so forth. The frameworks 808 can provide a broad
spectrum of other APIs that can be utilized by the applica-
tions 810, some of which may be specific to a particular
operating system 804 or platiorm.

In an example embodiment, the applications 810 include
a home application 8350, a contacts application 852, a
browser application 8354, a book reader application 856, a
location application 838, a media application 860, a mes-
saging application 862, a game application 864, and a broad
assortment of other applications such as third party appli-
cations 866. According to some embodiments, the applica-
tions 810 are programs that execute functions defined 1n the
programs. Various programming languages can be employed
to create one or more of the applications 810, structured in
a variety of manners, such as object-oriented programming
languages (e.g., Objective-C, Java, or C++) or procedural
programming languages (e.g., C or assembly language). In
a specific example, the third party application 866 (e.g., an
application developed using the ANDROID™ or [OS™
software development kit (SDK) by an entity other than the
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vendor of the particular platform) may be mobile software
running on a mobile operating system such as IOS™,
ANDROID™, WINDOWS® Phone, or another mobile
operating system. In this example, the third party application
866 can invoke the API calls 812 provided by the operating
system 804 to facilitate functionality described herein.

Some embodiments may particularly include a content
messaging application 867. In certain embodiments, this
may be a stand-alone application that operates to manage
communications with a server system such as third party
servers 130 or server system 102. In other embodiments, this
functionality may be integrated with another application
such as a messaging application 862, media application 860,
or another such application. Content messaging application
867 may allow a user to capture media content (e.g., photos,
video, etc.) and review and request content messages and
media content provided by other users and third party
sources. The content messaging application may provide the
capability for a user to capture media content and input data
related to media content or content messages via a touch
interface, keyboard, or using a camera device of machine
900, communication with a server system via I/O compo-
nents 950, and receipt and storage of content messages and
media content 1n memory 930. Presentation of media con-
tent and user inputs associated with media content may be
managed by content messaging application 867 using dii-
ferent frameworks 808, library 806 elements, or operating
system 804 clements operating on a machine 900.

FIG. 9 1s a block diagram illustrating components of a
machine 900, according to some embodiments, able to read
instructions from a machine-readable medmum (e.g., a
machine-readable storage medium) and perform any one or
more of the methodologies discussed herein. Specifically.
FIG. 9 shows a diagrammatic representation of the machine
900 1n the example form of a computer system, within which
istructions 916 (e.g., software, a program, an application
810, an applet, an app, or other executable code) for causing
the machine 900 to perform any one or more of the meth-
odologies discussed herein can be executed. In alternative
embodiments, the machine 900 operates as a standalone
device or can be coupled (e.g., networked) to other
machines. In a networked deployment, the machine 900 may
operate in the capacity of a server machine 130, 102, 120,
122, 124, and the like or a client device 110 1n a server-client
network environment, or as a peer machine in a peer-to-peer
(or distributed) network environment. The machine 900 can
comprise, but not be limited to, a server computer, a client
computer, a personal computer (PC), a tablet computer, a
laptop computer, a netbook, a personal digital assistant
(PDA), an entertainment media system, a cellular telephone,
a smart phone, a mobile device, a wearable device (e.g., a
smart watch), a smart home device (e.g., a smart appliance),
other smart devices, a web appliance, a network router, a
network switch, a network bridge, or any machine capable
ol executing the instructions 916, sequentially or otherwise,
that specily actions to be taken by the machine 900. Further,
while only a single machine 900 1s illustrated, the term
“machine” shall also be taken to include a collection of
machines 900 that individually or jointly execute the mnstruc-
tions 916 to perform any one or more of the methodologies
discussed herein.

In various embodiments, the machine 900 comprises
processors 910, memory 930, and I/O components 950,
which can be configured to commumnicate with each other via
a bus 902. In an example embodiment, the processors 910
(e.g., a central processing unit (CPU), a reduced 1nstruction
set computing (RISC) processor, a complex instruction set
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computing (CISC) processor, a graphics processing unit
(GPU), a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a radio-frequency inte-
grated circuit (RFIC), another processor, or any suitable
combination thereol) include, for example, a processor 912
and a processor 914 that may execute the mstructions 916.
The term “processor” i1s intended to include multi-core
processors 910 that may comprise two or more independent
processors 912, 914 (also referred to as “cores™) that can
execute mstructions 916 contemporaneously. Although FIG.
9 shows multiple processors 910, the machine 900 may
include a single processor 910 with a single core, a single
processor 910 with multiple cores (e.g., a multi-core pro-
cessor 910), multiple processors 912, 914 with a single core,
multiple processors 910, 912 with multiples cores, or any
combination thereof.

The memory 930 comprises a main memory 932, a static
memory 934, and a storage unit 936 accessible to the
processors 910 via the bus 902, according to some embodi-
ments. The storage unit 936 can include a machine-readable
medium 938 on which are stored the instructions 916
embodying any one or more of the methodologies or func-
tions described herein. The instructions 916 can also reside,
completely or at least partially, within the main memory 932,
within the static memory 934, within at least one of the
processors 910 (e.g., within the processor’s cache memory),
or any suitable combination thereol, during execution
thereof by the machine 900. Accordingly, in various embodi-
ments, the main memory 932, the static memory 934, and
the processors 910 are considered machine-readable media
038.

As used herein, the term “memory” refers to a machine-
readable medium 938 able to store data temporarily or
permanently and may be taken to include, but not be limited
to, random-access memory (RAM), read-only memory
(ROM), bufler memory, flash memory, and cache memory.
While the machine-readable medium 938 i1s shown, 1n an
example embodiment, to be a single medium, the term
“machine-readable medium™ should be taken to include a
single medium or multiple media (e.g., a centralized or
distributed database, or associated caches and servers) able
to store the instructions 916. The term “machine-readable
medium” shall also be taken to include any medium, or
combination of multiple media, that 1s capable of storing
istructions (e.g., instructions 916) for execution by a
machine (e.g., machine 900), such that the mstructions 916,
when executed by one or more processors of the machine
900 (e.g., processors 910), cause the machine 900 to perform
any one or more of the methodologies described herein.
Accordingly, a “machine-readable medium™ refers to a
single storage apparatus or device, as well as “cloud-based”
storage systems or storage networks that include multiple
storage apparatus or devices. The term “machine-readable
medium”™ shall accordingly be taken to include, but not be
limited to, one or more data repositories in the form of a
solid-state memory (e.g., flash memory), an optical medium,
a magnetic medium, other non-volatile memory (e.g., eras-
able programmable read-only memory (EPROM)), or any
suitable combination thereof. The term “machine-readable
medium™ specifically excludes non-statutory signals per se.

The I/O components 950 include a wide variety of com-
ponents to receive input, provide output, produce output,
transmit mformation, exchange information, capture mea-
surements, and so on. In general, it will be appreciated that
the I/O components 950 can include many other components
that are not shown in FIG. 9. The I/O components 950 are
grouped according to functionality merely for simplifying
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the following discussion, and the grouping i1s in no way
limiting. In various example embodiments, the I/O compo-
nents 950 1nclude output components 952 and mput com-
ponents 954. The output components 952 include visual
components (e.g., a display such as a plasma display panel
(PDP), a light emitting diode (LED) display, a liquid crystal
display (LLCD), a projector, or a cathode ray tube (CRT)),
acoustic components (e.g., speakers), haptic components
(e.g., a vibratory motor), other signal generators, and so
torth. The input components 954 include alphanumeric input
components (e.g., a keyboard, a touch screen configured to
receive alphanumeric input, a photo-optical keyboard, or
other alphanumeric mput components), point-based input
components (e.g., a mouse, a touchpad, a trackball, a joy-
stick, a motion sensor, or other pointing instruments), tactile
input components (e.g., a physical button, a touch screen
that provides location and force of touches or touch gestures,
or other tactile input components), audio iput components
(e.g., a microphone), and the like.

In some further example embodiments, the I/O compo-
nents 950 include biometric components 956, motion com-
ponents 958, environmental components 960, or position
components 962, among a wide array of other components.
For example, the biometric components 956 include com-
ponents to detect expressions (e.g., hand expressions, facial
expressions, vocal expressions, body gestures, or eye track-
ing), measure biosignals (e.g., blood pressure, heart rate,
body temperature, perspiration, or brain waves), 1dentify a
person (e.g., voice 1dentification, retinal 1dentification, facial
identification, fingerprint identification, or electroencepha-
logram based 1dentification), and the like. The motion com-
ponents 958 include acceleration sensor components (e.g.,
accelerometer), gravitation sensor components, rotation sen-
sor components (e.g., gyroscope), and so forth. The envi-
ronmental components 960 include, for example, 1llumina-
tion sensor components (e.g., photometer), temperature
sensor components (e.g., one or more thermometers that
detect ambient temperature), humidity sensor components,
pressure sensor components (e.g., barometer), acoustic sen-
sor components (€.g., one or more microphones that detect
background noise), proximity sensor components (e.g.,
infrared sensors that detect nearby objects), gas sensor
components (e.g., machine olfaction detection sensors, gas
detection sensors to detect concentrations of hazardous
gases for satety or to measure pollutants 1n the atmosphere),
or other components that may provide indications, measure-
ments, or signals corresponding to a surrounding physical
environment. The position components 962 include location
sensor components (e.g., a Global Positioning System (GPS)
receiver component), altitude sensor components (e.g.,
altimeters or barometers that detect air pressure from which
altitude may be derived), orientation sensor components
(e.g., magnetometers), and the like.

Communication can be implemented using a wide variety
of technologies. The I'O components 950 may include
communication components 964 operable to couple the
machine 900 to a network 980 or devices 970 via a coupling
982 and a coupling 972, respectively. For example, the
communication components 964 include a network interface
component or another suitable device to interface with the
network 980. In further examples, communication compo-
nents 964 1include wired communication components, wire-
less communication components, cellular communication
components, near field communication (NFC) components.
BLUETOOTH® components (e.g., BLUETOOTH® Low
Energy). WI-FI® components, and other communication
components to provide communication via other modalities.
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The devices 970 may be another machine 900 or any of a
wide variety of peripheral devices (e.g., a peripheral device
coupled via a Universal Serial Bus (USB)).

Moreover, 1n some embodiments, the communication
components 964 detect identifiers or include components
operable to detect 1dentifiers. For example, the communica-
tion components 964 include radio frequency identification
(RFID) tag reader components. NFC smart tag detection
components, optical reader components (e.g., an optical
sensor to detect a one-dimensional bar codes such as a
Universal Product Code (UPC) bar code, multi-dimensional
bar codes such as a Quick Response (QR) code, Aztec Code.
Data Matrix, Dataglyph, MaxiCode. PDF417, Ultra Code,
Uniform Commercial Code Reduced Space Symbology
(UCC RSS)-2D bar codes, and other optical codes), acoustic
detection components (e.g., microphones to identily tagged
audio signals), or any suitable combination thereof. In
addition, a variety of mnformation can be derived via the
communication components 964, such as location via Inter-
net Protocol (IP) geo-location, location via WI-FI® signal
triangulation, location via detecting a BLUETOOTH® or
NFC beacon signal that may indicate a particular location,
and so forth.

In various example embodiments, one or more portions of
the network 980 can be an ad hoc network, an intranet, an
extranet, a virtual private network (VPN), a local area
network (LAN), a wireless LAN (WLAN), a wide area
network (WAN), a wireless WAN (WWAN), a metropolitan
area network (MAN), the Internet, a portion of the Internet,
a portion of the public switched telephone network (PSTN),
a plain old telephone service (POTS) network, a cellular
telephone network, a wireless network, a WI-FI® network,
another type of network, or a combination of two or more
such networks. For example, the network 980 or a portion of
the network 980 may include a wireless or cellular network,
and the coupling 982 may be a Code Division Multiple
Access (CDMA) connection, a Global System for Mobile
communications (GSM) connection, or another type of
cellular or wireless coupling. In this example, the coupling
982 can implement any of a variety of types of data transfer

technology, such as Single Carrier Radio Transmission
Technology (1xRTT), Evolution-Data Optimized (EVDO)

technology, General Packet Radio Service (GPRS) technol-
ogy, Enhanced Data rates for GSM Evolution (EDGE)
technology, third Generation Partnership Project (3GPP)
including 3G, fourth generation wireless (4G) networks.
Universal Mobile Telecommunications System (UMTS).
High Speed Packet Access (HSPA), Worldwide Interoper-
ability for Microwave Access (WiIMAX), Long Term Evo-
lution (LTE) standard, others defined by various standard-
setting organizations, other long range protocols, or other
data transier technology.

In example embodiments, the instructions 916 are trans-
mitted or received over the network 980 using a transmis-
sion medium via a network interface device (e.g., a network
interface component included 1n the communication com-
ponents 964) and utilizing any one of a number of well-
known transfer protocols (e.g., Hypertext Transier Protocol
(HT'TP)). Similarly, in other example embodiments, the
istructions 916 are transmitted or received using a trans-
mission medium via the coupling 972 (e.g., a peer-to-peer
coupling) to the devices 970. The term “‘transmission
medium™ shall be taken to include any intangible medium
that 1s capable of storing, encoding, or carrying the mnstruc-
tions 916 for execution by the machine 900, and includes
digital or analog communications signals or other intangible
media to facilitate communication of such software.
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Furthermore, the machine-readable medium 938 1s non-
transitory (1n other words, not having any transitory signals)
in that 1t does not embody a propagating signal. However,
labeling the machine-readable medium 938 “non-transitory”™
should not be construed to mean that the medium 1s inca-
pable of movement; the medium 938 should be considered
as being transportable from one physical location to another.
Additionally, since the machine-readable medium 938 1s
tangible, the medium 938 may be considered to be a
machine-readable device.

Throughout this specification, plural instances may imple-
ment components, operations, or structures described as a
single instance. Although individual operations of one or
more methods are illustrated and described as separate
operations, one or more of the individual operations may be
performed concurrently, and nothing requires that the opera-
tions be performed 1n the order illustrated. Structures and
functionality presented as separate components 1n example
configurations may be implemented as a combined structure
or component. Similarly, structures and functionality pre-
sented as a single component may be implemented as
separate components. These and other variations, modifica-
tions, additions, and improvements fall within the scope of
the subject matter herein.

Although an overview of the inventive subject matter has
been described with reference to specific example embodi-
ments, various modifications and changes may be made to
these embodiments without departing from the broader
scope of embodiments of the present disclosure

The embodiments 1llustrated herein are described 1n sui-
ficient detail to enable those skilled 1n the art to practice the
teachings disclosed. Other embodiments may be used and
derived therefrom, such that structural and logical substitu-
tions and changes may be made without departing from the
scope of this disclosure. The Detailed Description, therefore,
1s not to be taken 1n a limiting sense, and the scope of various
embodiments 1s defined only by the appended claims, along
with the full range of equivalents to which such claims are
entitled.

As used herein, the term “or” may be construed in either
an clusive or exclusive sense. Moreover, plural instances
may be provided for resources, operations, or structures
described herein as a single nstance. Additionally, bound-
aries between various resources, operations, modules,
engines, and data stores are somewhat arbitrary, and par-
ticular operations are illustrated 1 a context of specific
illustrative configurations. Other allocations of functionality
are envisioned and may fall within a scope of various
embodiments of the present disclosure. In general, structures
and functionality presented as separate resources in the
example configurations may be implemented as a combined
structure or resource. Similarly, structures and functionality
presented as a single resource may be implemented as
separate resources.

['hese and other variations, modifica-
tions, additions, and improvements fall within a scope of
embodiments of the present disclosure as represented by the
appended claims. The specification and drawings are,
accordingly, to be regarded in an illustrative rather than a
restrictive sense.

What 1s claimed 1s:

1. A method comprising:

receiving, from a plurality of client devices, at a server
system, a plurality of media items each comprising
video content related to an event, wherein the video
content 1s captured by each of the plurality of client
devices using at least one device orientation, the at least
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one device orientation comprising a landscape orien-
tation, a portrait orientation, or a tilt angle orientation;

storing, by the server system, each media item of the
plurality of media 1tems and the at least one device
ortentation corresponding to each media item, and
associating each media 1tem of the plurality of media
items with the event;

receiving from a first computing device, by the server
system, a first device orientation detected for the first
computing device during display of a first media 1tem
related to the event;

determiming a second media item, of the stored media
items, that was captured in a device orientation corre-
sponding to the first device orientation detected for the
first computing device;

providing, by the server system to the first computing
device, the second media 1tem that was captured in the
device orientation corresponding to the first device
orientation detected for the first computing device to be
displaved on the first computing device;

detecting, by the server system, a change from the first
device orientation to a second device orientation for the
first computing device;

in response to the detected change to the second device
orientation for the first computing device, determining
a third media i1tem that was captured 1n a device
orientation corresponding to the second device orien-
tation detected for the first computing device; and

providing, by the server computer to the first computing
device, the third media item that was captured in the
device orientation corresponding to the second device
orientation detected for the first computing device to be
displayed on the first computing device.

2. The method of claim 1, further comprising;:

detecting, by the server system, a device orientation of a
second computing device;

determining a stored media 1tem that was captured 1n a
device orientation corresponding to the device orien-
tation detected for the second computing device; and

providing, by the server system to the second computing
device, the stored media 1item that was captured in the
device orientation corresponding to the device orien-
tation of the second computing device, wherein video
content of the stored media 1tem 1s displayed on the
second computing device.

3. The method of claim 1, wherein the at least one device

orientation 1s a landscape view or a portrait view.
4. The method of claim 1, wherein the at least one device

orientation 1s determined based on an angle of a subject of
the video content.
5. The method of claim 4, wherein the at least one device
orientation 1s a tilt angle based on the angle of the subject of
the video content.
6. The method of claim 2, wherein detecting the device
orientation of the second computing device 1s based on
receiving a device orientation from the second computing
device.
7. The method of claim 1, further comprising:
analyzing the video content of each media i1tem of the
plurality of media items to determine at least one region
or object to associate with the media 1tem:;

associating the at least one region or object with the media
item; and

storing the association of the at least one region or object

with the media item.
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8. The method of claim 7, further comprising:

detecting an input via a second computing device indi-
cating a selection of a region or object of a video;

determining a stored media i1item associated with the
selected region or object of the video; and

providing the stored media item associated with the
selected region or object, wheremn the stored media
item associated with the selected region or object is
displayed on the second computing device.

9. A server computer comprising;

a processor; and

a computer readable medium coupled with the processor,
the computer readable medium comprising instructions
stored thereon that are executable by the processor to
cause the server computer to perform operations com-
prising;:

receiving, from a plurality of client devices a plurality of
media 1items each comprising video content related to
an event, wherein the video content 1s captured by each
of the plurality of client devices using at least one
device orientation, the at least one device orientation
comprising a landscape orientation, a portrait orienta-
tion, or a tilt angle orientation;

storing each media item of the plurality of media 1tems
and the at least one device orientation corresponding to
cach media 1item, and associating each media item of
the plurality of media items with the event;

receiving from a {first computing device a first device
ortentation detected for the first computing device
during display of a first media 1tem related to the event;

determining a second media 1tem, of the stored media
items, that was captured 1n a device orientation corre-
sponding to the first device orientation detected for the
first computing device;

providing, to the first computing device, the second media
item that was captured in the device orientation corre-
sponding to the first device orientation detected for the
first computing device to be displayed on the first
computing device;

detecting a change from the first device orientation to a
second device orientation for the first computing
device;

in response to the detected change to the second device
orientation for the first computing device, determining
a third media item that was captured 1n a device
orientation corresponding to the second device orien-
tation detected for the first computing device; and

providing, to the first computing device, the third media
item that was captured in the device orientation corre-
sponding to the second device ornentation detected for
the first computing device to be displayed on the first
computing device.
10. The server computer of claim 9, the operations further
comprising:
detecting, by the server system, a device orientation of a
second computing device;
determining a stored media item that was captured 1n a
device orientation corresponding to the device orien-
tation detected for the second computing device; and
providing, by the server system to the second computing
device, the stored media item that was captured 1n the
device ornentation corresponding to the device orien-
tation of the second computing device, wherein video
content of the stored media 1tem 1s displayed on the
second computing device.
11. The server computer of claim 9, wherein the at least
one device orientation 1s a landscape view or a portrait view.
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12. The server computer of claim 9, wherein the at least
one device orientation 1s determined based on an angle of a
subject of the video content and wherein the at least one
device orientation 1s a tilt angle based on the angle of the
subject of the video content.
13. The server computer of claim 10, wherein the stored
media 1tem that was captured in the device orientation
corresponding to the device orentation for the second
computing device 1s provided to the second computing
device and the second computing device displays the stored
media item.
14. The server computer of claim 9, the operations further
comprising:
analyzing the video content of each media item of the
plurality of media 1tems to determine at least one region
or object to associate with the media i1tem;

associating the at least one region or object with the media
item; and

storing the association of the at least one region or object

with the media item.

15. The server computer of claim 9, the operations further
comprising;

detecting an mput via a second computing device indi-

cating a selection of a region or object of a video;
determining a stored media item associated with the
selected region or object of the video; and

providing the stored media item associated with the

selected region or object, wherein the stored media
item associated with the selected region or object 1s
displayed on the second computing device.

16. A non-transitory computer readable medium compris-
ing 1nstructions stored thereon that are executable by at least
one processor to cause a computing device to perform
operations comprising;:

recerving, from a plurality of client devices a plurality of

media items each comprising video content related to
an event, wherein the video content 1s captured by each
of the plurality of client devices using at least one
device orientation, the at least one device orientation
comprising a landscape orientation, a portrait orienta-
tion, or a tilt angle orientation;

storing each media item of the plurality of media i1tems

and the at least one device onentation corresponding to
cach media 1item, and associating each media item of
the plurality of media items with the event;
recerving from a first computing device a first device
ortentation detected for the first computing device
during display of a first media 1tem related to the event;

determining a second media item, of the stored media
items, that was captured in a device orientation corre-
sponding to the first device orientation detected for the
first computing device;

providing, to the first computing device, the second media

item that was captured 1n the device orientation corre-
sponding to the first device orientation detected for the
first computing device to be displayed on the first
computing device;

detecting a change from the first device orientation to a

second device orientation for the {first computing
device;

in response to the detected change to the second device

orientation for the first computing device, determining
a third media i1tem that was captured 1n a device
orientation corresponding to the second device orien-
tation detected for the first computing device; and
providing, to the first computing device, the third media
item that was captured in the device orientation corre-
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sponding to the second device orientation detected for
the first computing device to be displayed on the first
computing device.

17. The non-transitory computer readable medium of
claim 16, wherein the at least one device orientation 1s 5
determined based on an angle of a subject of the video
content.

18. The non-transitory computer readable medium of
claim 16, wherein the at least one device orientation 1s a filt
angle based on the angle of the subject of the video content. 10

19. The non-transitory computer readable medium of
claim 16, the operations further comprising:

analyzing the video content of each media item of the

plurality of media items to determine at least one region

or object to associate with the media item; 15
associating the at least one region or object with the media

item; and

storing the association of the at least one region or object

with the media item.

20. The non-transitory computer readable medium of 20
claim 16, the operations further comprising:

detecting an input via a second computing device indi-

cating a selection of a region or object of a video;
determining a stored media 1tem associated with the
selected region or object of the video; and 25
providing the stored media item associated with the
selected region or object, wherein the stored media
item associated with the selected region or object 1s
displayed on the second computing device.
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